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ABSTRACT 
A significant portion of the research in the field of forensic anthropology 
involves examining cadaveric remains that have undergone some degree of 
decomposition. There have been many studies published focusing on a 
multitude of variables that affect the decomposition process, such as 
temperature, carcass size, insect access, animal scavenging, and weather 
patterns. There are however, very few studies which focus on the rate of 
decomposition in remains that have experienced significant trauma and/or blood 
loss. Accordingly, this study will assess the effects of exsanguination on the rate 
of the decomposition process in a northeastern United States environment. Four 
porcine cadavers (Sus scrota domesticus) were used to model human 
decomposition. Based upon prior unpublished observations, the intent of the 
present study was to evaluate the hypothesis that exsanguination of remains 
v 
would delay the onset and progression of the decomposition process. Observed 
delay of the arrival of insects will likely be linked to the lack of blood as an 
attractant. The three porcine carcasses utilized as the experimental group for 
this study were exsanguinated by captive-bolt sacrifice and use of a large-gauge 
syringe to remove blood directly from the heart. Each individual carcass was 
placed in a cage to isolate them from the effects of larger scavengers and were 
allowed to completely decompose to the point of only dry skeletal material over a 
period of two months. Although the small sample size limits any definitive 
statistical analysis, the results generated by this study depict a trend towards the 
exsanguinated individuals decomposing at a faster rate than the unaltered 
control group. 
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Introduction 
Research in forensic anthropology typically involves examining cadaveric 
remains that have undergone some degree of decomposition. Many published 
studies have focused on variables that affect the decomposition process, such as 
temperature, carcass size, insect access, animal scavenging, and weather 
patterns. There are few studies that have focused on the rate of decomposition 
in remains that have experienced significant trauma and/or blood loss. 
Accordingly, this study will assess the effects of exsanguination on the rate of 
decomposition in a northeastern United States environment. In addition, this 
study will document the variables that play a role in affecting the rate and timing 
of the stages of decomposition in an unaltered control sample. Initially, this study 
will examine the effects of exsanguination on the arrival and succession of 
insects, followed by its effects, if any, on the rate and timing of the decomposition 
process as a whole. This study will use porcine cadavers (Sus scrota 
domesticus) as a model of the human decomposition process. It has been 
demonstrated previously that porcine cadavers are an acceptable substitution for 
human remains (Payne 1965; Payne & King 1968; Cross 2008; Brand 2008; 
Chibba 2008). Pig cadavers are an appropriate model of human decomposition 
because they have relatively hairless skin and intestinal bacteria similar to that of 
humans and their range of body mass is similar to that of humans (Michaud & 
Moreau 2011; Catts & Goff 1992; Goff 1993). This relationship was empirically 
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confirmed in a 2007 study by Schoenly et al. It has further been demonstrated 
that restriction of insect access to cadavers leads to a significant delay in the 
decomposition process (Rodriguez & Bass 1985; Campobasso et al 2001 ). The 
intent of this study was to explore the effects of exsanguination on the onset, 
pace, and progression of the decomposition process. 
Decomposition is the postmortem breakdown of remains due to a number 
of factors. The study of the process and factors of decomposition is known as 
taphonomy. These factors include precipitation, scavenging by animals, 
temperature, humidity, erosion, and amount of sunlight. One factor that has a 
primary effect on the rate of decomposition is the activity of insects on and 
around the remains. Forensic entomological studies have demonstrated that the 
activity of the insects feeding on and reproducing around the remains accelerates 
the process of decomposition as compared to remains that are untouched by 
insect activity. This paper will provide an overview of the decomposition process, 
insect succession, and how the two processes are important to a determination 
of time of death. 
The decomposition process is divided up into several fairly distinct and 
differentiable stages. There are four to five stages of the decomposition process, 
depending on the author of the study (Reed 1958; Bornemissza 1957; Payne 
1965; Johnson 1975; Clark et al 1997; Michaud & Moreau 2011 ). While these 
individual authors differ on their opinions of the total number of stages of the 
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decomposition process, the most modern interpretation of the various systems 
includes five stages: fresh, bloat, active decay, advanced decay, and dry or 
skeletal (Michaud & Moreau 2011 ). These stages are utilized in this study. 
Stages of Decomposition 
The first of these stages, the fresh stage, begins immediately after death; 
this stage includes rigor mortis (Latin for 'stiffness of death '), liver mortis (Latin for 
'blueness of death'), and algor mortis (Latin for 'coldness of death'). Rigor mortis 
is a stiffening of the muscles beginning approximately an hour after death and 
will remain in that state for approximately 24 to 36 hours or until the stiffening is 
physically broken. This is due to decreased production of ATP within the 
muscles, thus maintaining the actin-myosin bonds within the muscle tissue (Gill-
King 1997). Liver mortis is the settling of blood into the dependent areas of the 
body after it ceases to be circulated in the body. This process is manifested on 
the surface of the skin with the appearance of dark discoloration of the skin 
approximately one hour after death , known as post mortem lividity. After a period 
of approximately eight hours, the lividity present on the skin becomes 'fixed ' and 
will not blanch when pressed on. As the decomposition process continues, the 
lividity loses its distinctness and eventually is lost to the other visible external 
changes brought about by the process. Finally, algor mortis is the equilibration of 
the internal temperature of the body with the ambient temperature of the 
environment surrounding it. The rate of this cooling is variable, but in an ideal 
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environment of between 70 -75°F, the body cools at approximately 1.5°F per 
hour. As rigor and livor mortis pass, the right lower quadrant of the abdomen 
adopts a green discoloration around 24 hours after death due to contact between 
the anterior abdominal wall and the cecum of the intestinal tract. Following this 
period (approximately 24 to 36 hours after death) the entire abdomen attains the 
same greenish discoloration. Approximately 36 to 48 hours after death the skin 
begins to present a mottled pattern from staining of the blood vessels blood 
pigments within the vessels and the lysis of the underlying subcutaneous tissues. 
As erythrocytes disgorge their hemoglobin , it combines with hydrogen sulfide 
given off by the bacteria involved in the putrefaction process. Bloating effects 
other regions or the body as well. After around 60 to 72 hours following death, 
the rest of the body will begin to bloat due to the production of gases by the 
bacteria performing the putrefaction process in other areas of the body. The 
continued decomposition and putrefaction of internal tissues causes purging of 
putrefactive fluids through the orifices of the body, as well as through any splits in 
the skin caused by trauma or the skin stretching due to the gas buildup. As this 
phase of moist decomposition begins, the remains have entered the active decay 
stage of the decomposition process. After approximately four to seven days, the 
hair and skin begin to slip off, as the continued breakdown of tissues causes the 
epidermal layers of skin to separate from the underlying dermis. When this 
process occurs in the hands, it is called "gloving". If the remains are present in 
the correct environment, over the period of the next few days and weeks, the 
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body tissues will dehydrate or, if in the presence of water, adipocere will form. 
This period is referred to as the advanced decay stage. Adipocere is a whitish 
waxy substance created from the hydrolyzation of fats and other subcutaneous 
soft tissues, especially in the presence of water (Clark et al 1997). In the 
following weeks and months the remains will mummify and possible skeletalize 
depending on the type of environment they are deposited in. At this point, the 
remains are defined as being in the dry stage of the decomposition process, and 
it is here that the process effectively ends. The timing of the stages of 
decomposition mentioned above are estimates based on ideal conditions. Often, 
these stages may take significantly longer or shorter to progress depending on 
the depositional environment as well as other taphonomic factors, specifically the 
activity of insects. 
Insects and the Taphonomic Process 
Insect succession and taphonomy have been linked by many prior studies 
(Simmons et al 201 0; Bucheli et al 2009; Anderson 2011; Rodriguez 1983; 
Haskell 1989; Anderson 1997; Goff 1991 ). Insect succession has been well 
studied and documented. In ecology, succession refers to the change of a 
community over time, and it is therefore not limited strictly to decomposition. The 
primary patterns of the arrival and duration of insect colonization of remains have 
been observed and recorded in many different environments around the world . 
There are two main groups of insects that play possibly the largest initial role in 
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affecting the decomposition process. These groups of insects are the Diptera 
and the Coleoptera groups, or the flies and beetles respectively. The hypothesis 
of the current study postulates that the arrival of these insect groups will be 
delayed due to the exsanguination of the remains. 
The first insects to arrive at a set of remains are the blow flies (order 
Diptera, genus Calliphora). A variety of species of blow flies may be present on 
decomposing remains depending upon the environment and season. For 
example, in the northern United States, the blue bottle fly, Calliphora vicina is 
abundant in the cooler seasons while the green bottle fly, Phaenicia sericata, is 
more common during the warmer seasons. Shortly after arriving at a set of 
remains, these insects will begin to deposit their eggs. These egg groups are 
often found in natural bodily openings such as the eyes, ears, nose, and mouth 
as well as any wound sites present on the body, but can be present anywhere on 
the remains. Within approximately one to three days, depending on the ambient 
temperature, the eggs will hatch and the larvae will emerge to begin feeding on 
the remains. These larvae will accumulate into quite large groups during their 
feeding and development on the body. These larval masses can at times 
produce so much energy from all of the individual larvae within the mass that 
they will raise the temperature of the body they are feeding on in the area 
surrounding their mass. This action can be detrimental to the measurement of 
algor mortis for use in determining an approximate time of death if the internal 
6 
body temperature is taken too close to the larval mass (Megyesi 2005). As they 
feed, the larval masses secrete enzymes which aid in their consuming nearly all 
of the tissue from a set of remains. As the larvae consume the remains and 
depending on their particular species as well as the environmental conditions, 
they will grow rapidly and molt. The larvae of the blow flies undergo three instar 
stages before entering into the pupal stage. With each instar molt, the larvae 
grow larger until they molt for the third and final time. This period of larval growth 
can take several days to several weeks depending on the environment and the 
specific species of blow fly. Following this molt, the larvae will crawl away from 
the remains, sometimes en-masse leaving a trail behind them, and enter into 
their pupal stage. The Diptera progress through the obtect pupal stage in which 
their appendages are fused inside of the pupal case and are not visible to the 
naked eye. During this period of development, the pupal cases will gradually 
change in color from a lighter to a darker brownish or brownish-red color. The 
empty pupal cases are extremely durable and can remain present in the soil 
below remains for long periods of time, even centuries in some cases (Catts & 
Haskell 1990). After hatching, many of the flies continue to feed on the remains 
and deposit more eggs so long as an adequate environment exists for the 
development of the larvae. 
Aside from the blow flies , a large number of other insects thrive upon and 
surrounding decomposing remains. Generally arriving after the blow flies, the 
7 
next major group to colonize the remains is the Coleoptera, or the beetles. 
Included in this group are the carrion beetles (genus Silphidae), the rove beetles 
(Staphylinidae ), scarab beetles (Scarabaeidae ), dermestid beetles 
(Dermestidae), and several others. These beetles deposit their young in the drier 
parts of the desiccated corpse, as opposed to the flies whose larvae subsist in 
the moist environment on the remains. The beetles also feed on these drier 
areas of the remains as well as on some of the larval masses and other insects 
present on and around the remains. Additional species of flies also appear 
during this time following the blow fly colonization. Some of these include house 
flies, flesh flies, coffin flies, and fruit flies. Also present are members of the 
genus Hymenoptera, which includes ants, bees, and wasps. By examining the 
types and amounts of insects and other arthropods that are present on a 
particular set of remains, it is possible to gain a general understanding of how 
long the remains have been present in that particular location. The presence or 
absence of particular types of insects and arthropods will give the investigator a 
basic estimate of the length of time the remains were present in one given area. 
The presence of insects on a set of remains and the stage of 
decomposition are closely linked. Both of these processes are indicative of the 
length of time a particular set of remains has been in a certain area. Using these 
two processes, a fairly accurate estimation of the time of death or postmortem 
interval can be made. By examining the state of decomposition and the type and 
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age of the insects present on and around the remains, an examiner will be more 
readily able to estimate the length of time that a particular set of remains have 
been in a certain depositional environment. The intent of this study is to 
demonstrate that exsanguination of remains will delay the onset and progression 
of the decomposition process beginning with a delay of the initial arrival of 
insects due to the lack of blood as an attractant. 
There have been few recent studies published concerning the possible 
attractive nature of blood to insects. Several articles have been published 
showing the attractive nature of blood to mosquitos (Rudolfs 1922, Burgess and 
Brown 1957, Strauss et al. 1968). A study published in 1967 by Ode and 
Matthysee found that blood served as an attractant to several species of 
Housefly (Musca autumnalis and Musca domestica). A publication in the Journal 
of Medical Entomology from 1973 by DeVaney et al. found that while Screwworm 
flies (Cochliomyia hominivorax) are minimally attracted to blood on its own, the 
addition of cultures of bacteria commonly found in wounds significantly increased 
the rate of attraction. A study published in 1989 in the Journal of Chemical 
Ecology by Hammack et al. examined the attractive nature of bovine blood to the 
female Screwworm fly concurrently found that the level of attraction for the flies 
increases with the addition of microbial agents commonly found at wound sites 
as opposed to aseptic blood. An article published in the Journal of Vector 
Ecology in November 2010 by Mohr et al. examined the attractive ability of 
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bovine blood to female Canyon Flies (Fannia conspicua Malloch) both in the 
presence and absence of C02. This study found no synergistic effect of the 
bovine blood upon the flies in an environment with or without C02. However, the 
authors attempt to explain this lack of response due to the fact that their bovine 
blood was defibrinated and sterile. 
While there has been extremely little published research specifically 
concerning the effects of exsanguination on the decomposition process, there 
have been numerous publications dealing with other aspects of the 
decomposition process, as well as the contribution that insects make to the 
decomposition process. One of the first publications concerning the variety of 
insects present during the decomposition process was published in 1898 in The 
Journal of the New York Entomological Society by Murray Gault Motter entitled 
"A Contribution to the Study of the Fauna of the Grave. A Study of One Hundred 
and Fifty Disinterments, with Some Additional Experimental Observations". In 
this publication, Motter reported on the insects he found associated with 150 
excavated human burials. 
Reed (1958) published a study in The American Midland Naturalist entitled 
"A Study of Dog Carcass Communities in Tennessee, With Special Reference to 
the Insects". In it he examines the relationship between insects and the 
decomposition process. The aim of Reed's experiment was to analyze dog 
carcass microcommunties, to determine a protocol by which the remains, and 
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their insect colonizers, pass through during the decomposition process. In his 
experiment, lasting from May 1951 to May 1952, Reed utilized 43 sets of canine 
remains which he placed into one of nine separate locations around the 
University of Tennessee's research facility known as the Cherokee Farm. One of 
the main hypotheses of the experiment was that remains located in different 
environments would decompose at different rates, so a variety of locations were 
chosen for sites of deposition. Five of the selected locations were in wooded 
areas, while the other four were located in more open areas such as fields, 
marshes, and a rocky outcropping. The canines used in the experiment were 
killed humanely. Each set of remains was paired with another, one of which was 
placed in one of the wooded areas and the other placed in a more open area for 
comparison. All of the remains in the open areas were secured to the ground 
with chickenwire staked to the ground over each set of remains in order to deter 
scavenging by larger animals. The author visited the remains in periods ranging 
from multiple daily trips to once every seven to ten days. His protocol involved 
physically lifting each carcass to inspect he insects found there. Since the 
publication of that article it has been determined that disturbing a decomposing 
carcass will alter the manner of insect activity on the remains. Such repeated 
movement of the remains disrupts the normal cycle of the insects present, and 
can therefore skew data collected from those remains. During the collection of 
data, the author made specific notes of the condition of the remains and its 
relationship to the type and amount of insects present on and around them. 
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Reed implemented a five-stage quantification system for the presence of all of 
the various types of insects due to the difficulty of attempting the manually count 
all of them individually. The stages are as follows: rare, scarce, medium 
numbers, common, and abundant. This system appears an acceptable and 
practical substitute to trying to manually count every individual insect on and 
around the remains. Following his analysis of the varying condition of the 
remains over the year for which they were observed, Reed created a four-stage 
system of seriation for decomposing remains . This system is as follows: fresh, 
bloated, decay, and dry. As defined by Reed, the fresh stage begins immediately 
following the death of the subject and terminates once bloating of the remains 
begins. The bloat stage begins with the first signs of bloating and ends once all 
evidence of bloating has disappeared. Reed observed that the remains became 
much more notably bloated during the warmer months of the summer than they 
did during the colder winter months. However, the bloat stage observed during 
the winter months lasted for a longer period of time than in the summer, 
hypothesized to be due primarily to the external temperature differences. The 
decay stage begins after all signs of bloating have abated and terminates once 
the remains have become skeletalized. One observation Reed made during this 
stage was that in the areas of the most larval activity, nearly all of the hair from 
the skin was lost. Meanwhile, in areas of low larval activity, the hair merely 
thinned, and in areas of no larval activity the hair was not lost at all. Finally, the 
dry stage begins once the majority of the remains have become skeletalized, with 
.12 
only a small amount of mummified tissue remaining. The author states that 
defining the specific starting point of this stage is the most difficult, since the 
progression from decay to only having a small amount of desiccated tissue 
remaining was very gradual. Additionally, he outlined a final stage following the 
dry stage that was not defined by Reed. This stage represents the complete 
skeletalization of the remains, with no mummified or desiccated tissue remaining, 
and dispersal of the individual skeletal elements. This final stage is not defined 
by Reed because he appears to not consider it a stage of the active 
decomposition process. Reed provides a detailed description of the types of 
insects and other arthropods seen present during each of his decomposition 
stages. During the fresh stage, Reed observes that the two primary groups of 
insects present on the remains belong to the Muscidae (houseflies) and 
Calliphoridae (blowflies) families. The bloated stage contains a much more 
diverse population of arthropod families: Phalangiidae (harvestmen), Araneida 
(orb-weaver spiders), Silphidae (carrion beetles), Histeridae (hister beetles), 
Staphylinidae (rove beetles), Lepidoptera (butterflies and moths), 
Sphaeroceridae (dung flies), Muscidae (house flies), Calliphoridae (blow flies), 
Sarcophagidae (flesh flies), and Hymenoptera (bees, wasps, and ants). A 
plethora of arthropod families were also present during the decay stage: 
Phalangiidae, Araneida, Acarina (mites and ticks), Silphidae, Histeridae, 
Staphylinidae, Nitidulidae (sap beetles), Lepidoptera, Phoridae (coffin flies), 
Sepsidae (scavenger flies), Piophilidae (cheese flies), Sphaeroceridae, 
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Muscidae, Calliphoridae, Sarcophagidae, and Hymenoptera. Finally, during the 
dry stage, the number of arthropod families decreased, but some new ones 
appeared: Araneida, Acarina, Staphylinidae, Cleridae (checkered beetles), 
Dermestidae (dermestid beetles), Nitidulidae, Trogidae (hide beetles), and 
Sphaeroceridae. While the families of insects and arthropods vary between the 
stages of the decomposition process, there appears a clear pattern to their arrival 
and departure. The blow flies and house flies are the first to arrive to the fresh 
remains, and they depart once the bloat stage has ended. Some families of 
beetles begin to arrive during the bloat stage, but most arrive later during the 
decay stage and the dry stage, as they feed off of the fly larvae and the 
desiccated tissue of the remains. Finally, other arthropod species, specifically 
arachnids, appear during the heights of activity of the insects, as they are 
primarily there to feed off of the wide variety of insects present on the remains 
during the bloat and decay stages. Reed indicated that there was definite 
seasonal variation in the presence of arthropods on the remains, with the peak of 
the activity occurring during the warmest of the summer months and the least 
activity occurring during the coldest of the winter months. He observed that the 
activity in the colder months was primarily restricted to the various beetle 
families. Reed also observed diurnal variation within the activity of the 
arthropods associated with the remains. He observed that the peak of the insect 
activity was during mid-afternoon when temperatures were the warmest. During 
the nocturnal hours, Reed mainly observed beetles feeding around the remains 
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in addition to much larval activity. He also observed that there was very little 
blowfly or housefly activity during the night. He notes that the daily activity of the 
flies followed a crepuscular pattern, beginning at very early dawn and ceasing 
during the evening hours. During his observations Reed noted a difference in the 
rate of decomposition between the remains in wooded areas when compared to 
those placed in the open areas. He noted that the insect and arthropod activity 
was greater overall at the wooded locations than it was in the open areas. 
However, the population of beetles was greater in the open areas than in the 
wooded locations. He observed that the larvae present on the remains in the 
open locations were more developmentally advanced than their counterparts on 
the remains placed in the wooded areas. Overall, Reed observed that 
decomposition proceed more quickly in the open locations than in the wooded 
areas, likely due to increased temperatures in the open areas due to the lack of 
covering for shade that was so abundantly present at the wooded locations. 
Reed's findings demonstrate the symbiotic and integral relationship between 
arthropods and the decomposition process, highlighting the importance of the 
central question of this project. Does the presence of blood serve as an 
attractant to insects? 
A seminal paper on the relationship of insects to the decomposition 
process was "Insect Activity and its Relationship to Decay Rates of Human 
Cadavers in East Tennessee" (Rodriguez and Bass, 1983). It examines the 
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intimate relationship between insects and the processes of decomposition and 
estimation of the post mortem interval. As outlined in the paper, the goal of the 
Rodriguez and Bass study was to help provide a better estimate of time since 
death based upon insect succession and seasonal climate. In that study, they 
utilized four adult human cadavers , three male and one female. The three male 
subjects ranged from 72 to 73 years old and the female subject was 35 years old. 
All three male subjects were intact and had not undergone autopsy, while the 
female subject had undergone an autopsy, consequently the organs, intestines, 
and the brain had been removed. The female subject died of injuries sustained 
in an automobile wreck and the males died of natural causes. All four subjects 
were placed outdoors at the University of Tennessee's Anthropological Research 
Facility in Knoxville, Tennessee. The remains were placed in coffins made of 
wooden frames wrapped in wire mesh to prevent carnivore and scavenger 
access to the cadavers while still permitting access to insects and other 
arthropods. Subjects were placed outside at several-month intervals beginning 
in May 1981 until the placement of the final subject in November 1981. The 
bodies were placed in the face-up without any clothing, arms extended and legs 
slightly spread. Daily observations of the remains were made until May 1982. In 
addition, the weather, environmental conditions, and the state of decomposition 
were documented. Any insects or other arthropods immediately associated with 
the remains or in the air around the remains were also identified. Samples of 
these insects and other arthropods were collected and documented, while others 
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were reared to adulthood to identify the species. The remains proceeded 
through the stages of decomposition as outlined in Reed (1958); fresh, bloat, 
decay, and dry. While all remains used in the experiment reached each of the 
above stages of decomposition, individuals proceeded through the process at a 
different rate, primarily due to their season of deposition. While the remains that 
were deposited in the late spring and early summer proceeded through the 
process at a faster rate, the remains deposited in the late fall and early winter 
proceeded at a markedly slower rate. The authors attributed this primarily to the 
average temperatures of the seasons during which the remains were exposed, 
although one factor that was not considered by the authors was the fact that the 
female cadaver, which proceeded at the slowest rate, had exsanguinated due to 
the autopsy and removal of organs, while none of the male specimens were 
intact at deposition. During their observations, the authors noted that, during the 
fresh stage, the most common insects present on and around the remains were 
blow flies and muscid flies. They noted that one of the primary activities of these 
insects during this stage was reproduction, with the eggs being laid primarily in 
the orifices of the head; eyes, ears, nose, and mouth. The authors also note that 
the activity of these flies continued through all processes, terminating during the 
dry stage. During the bloat stage, the authors observed first carrion beetles, 
followed by rove beetles and clown beetles associated with the remains. 
Additionally, the authors observe that this stage marked the arrival and 
oviposition of flesh flies. They documented that all of the beetles were observed 
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feeding on the fly larvae, with the carrion beetles additionally feeding on the 
actual flesh of the remains in addition to the larvae. All of the previously 
mentioned species continued to feed and reproduce during the decay stage, with 
the new arrival of sap beetles. During the latter period of the decay stage, the 
authors note a marked decline in all species of insects other than the sap beetles 
and small rove beetles. By the dry stage, all of the flies previously noted in 
relation with the remains had disappeared. The authors note that only sap, rove, 
and several other species of beetles remained. Rodriguez and Bass observed 
that it was only during the periods of high insect activity that the remains 
decomposed quickly, with very little change to the remains during periods of little 
to no insect activity, so they concluded that insects play a major role in the 
decomposition process. They also state that human remains appear to follow a 
four-stage decompositional process; fresh, bloat, decay, and dry and that the 
succession of the remains through each of these stages is correlated to the 
successional patterns of the insects associated with the decomposition process. 
They conclude that the successional patterns of the various types of insects 
associated with the decomposition process can be utilized to aid in a 
determination of postmortem interval. 
Megyesi, Nawrocki, and Haskell (2005) published an important article 
describing the basis of understanding and utilizing the Accumulated Degree Days 
(ADD) method and a decomposition scale called Total Body Score (TBS) rating 
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of decomposition in a forensic setting. This article, titled "Using Accumulated 
Degree-Days to Estimate the Postmortem Interval from Decomposed Human 
Remains", provides a modern approach to using statistical methods and a point-
based system, Total Body Scoring, of decomposition for controlling time and 
temperature in calculations of post mortem interval. The authors begin with a 
discussion of the qualitative nature of the determination of the post mortem 
interval through the use of methods common in the field of forensic science, most 
of which are based solely on visually identifying and estimating decomposition 
stage. The authors then suggest that forensic anthropology and forensic science 
in general, could benefit from a much more quantitative method for post mortem 
interval estimation. Megyesi et al. state that since the process of decomposition 
is serialized through the identification of slight noticeable changes in the soft 
tissue of remains, these changes could be quantified and thus the decomposition 
process could be viewed as a continuous variable. They observe that, in the 
past half century, there had been no published studies attempting to correlate the 
observable physical changes of the decomposition process with temperature, 
specifically accumulated temperature. In their experiment, Megyesi et al. 
reviewed 68 forensic cases of human remains, none of which were missing any 
body parts, and none of which were from burned, buried, or submerged cases 
and all of which had an estimated post mortem interval of less than one year. Of 
the 68 total sets of remains, 57 were located outdoors, primarily either in wooded 
areas, open fields, or roadside ditches. Of these 57 sets of remains, 13 were 
19 
located in areas receiving full sun, 15 in areas of total shade, and 29 located in 
areas of mixed sun and shade depending on the time of the day. The remaining 
11 sets of remains were discovered indoors in houses, apartments, trailer 
homes, condominiums, cabins, and abandoned buildings. Of the total 68 sets of 
remains, 40 were found normally clothed, 26 were discovered nude or wearing 
only one small piece of clothing, one was fully clothed and wrapped in blankets 
and sleeping bags, and one was discovered in a sleeping bag wrapped with a 
tarp and nylon rope. The authors state that all of the sets of remains in the 
experiment had the clear presence of insect activity. The mean age at death of 
the total sample used in this experiment was approximately 32 years, with the 
youngest being only 11 years old, and the oldest 72 years old. Ancestry was 
known in 30 of the cases, the majority being either of either Caucasian or African 
descent. Of the 68 total individuals, 39 were male and 29 were female. The 
mean post mortem interval for the individuals was approximately 30 days, with 
the majority of the individuals having died during the warmer months of the year 
(May-September), while the rest died during the colder months (October-April). 
In terms of measuring the state of decomposition of the remains, each set of 
remains was scored from photographs taken of the remains at the time of their 
discovery, and all cases were scored without knowing the actual post mortem 
interval of each case. The authors state that they used the stages of 
decomposition put forth by Galloway et al. (1989). After their calculations, the 
authors conclude that there is a positive correlation between TBS and ADD, 
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leading to the conclusion that using these methods appears to be an accurate 
way of determining the post mortem interval. According to their conclusions, 
Megyesi et al. observed that more than 80% of the variation seen in the human 
decomposition process is accounted for by time and ambient temperature. It 
became the impetus for the Accumulated Degree Days method which allows 
more precise statistical estimations of post mortem interval. This study seems to 
prove that decomposition is more effectively scored quantitatively than merely 
qualitatively. 
Gail Anderson discusses the utility of using the relationship of insects and 
the decomposition process to aid in determining the time of death, in this 
particular case decapitation (Anderson, 1997). The author describes a case in 
which the decapitated head of a female victim was discovered in a plastic bag 
located in a ditch along the side of a road in Vancouver Island, British Columbia. 
None of the victim's other remains were discovered, so the head was taken to 
autopsy in order to determine the subject's approximate time of death. There 
was no visible trauma to the head, aside from the rough cut where the head had 
been severed from the postcrania. The pathologist determined that this action 
that had been undertaken after the death of the victim. While no insects were 
observed in any of the orifices of the head during the processing of the scene, 
several larvae were collected from the cut surface of the neck during autopsy, 
indicating that the insects present on the body were most likely only clustered 
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around the wound site. The larvae that were collected were determined to be in 
their third instar stage and were ready to begin pupating. It was later determined 
that there had been no feeding whatsoever at the eyes or nose regions, 
indicating that all of the insect activity had been restricted to the large wound 
area of the neck. Because the rate of insect development proceeds at 
predictable rates under given temperatures, it is possible to predict the 
development rate of insects if given the appropriate meteorological data for a 
specific location. After combining the estimated ages of the larvae collected from 
the remains with the meteorological data from the area since the time the victim 
disappeared, it became possible for the investigators to suggest a postmortem 
interval for the victim due to the required development time for the insects to 
reach that stage within the range of temperatures given. It was considered that 
the location of the head, the drainage ditch, could have resulted in slightly lower 
temperatures than those recorded by the nearby weather station. However, the 
author also considered that the location of the head inside of the plastic bag 
could have resulted in a slightly higher temperature around the remains than 
what was recorded by the weather station. Because of these two conflicting 
incidents, the author decided that they most likely cancelled each other out in 
terms of approximate temperature immediately around the remains. According to 
research by the author, the specific species of fly whose larvae were deposited 
on the head, Calliphora vomitoria, takes approximately 8.1 days to reach the third 
instar stage in temperatures averaging 23°C. While this average temperature is 
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higher than the average temperature of the deposit site over the days examined, 
the author converted the total time and temperature into Accumulated Degree 
Days (ADD), a thermal measurement for calculating a period of time based on 
the accumulation of heat. According to the Anderson's calculations, the 
minimum Accumulated Degree Days required for the larvae to reach their third 
instar state was 186.3 ADD. Although the remains were refrigerated for a short 
period of time, less than 24 hours, studies have shown that the gestation of 
insects stops during periods of those temperatures when a small enough amount 
of larvae are present so as to not create their own heat through a large larval 
mass. According to Anderson's calculations, the approximate time of oviposition 
by the flies was eight days before the head was discovered, which itself was 
approximately three days after the victim was last seen alive. Anderson 
concludes that the eggs were laid after decapitation due to the location of the 
larvae solely on the cut surface of the neck, and since decapitation occurred 
around eight days before the head was discovered, the death must have 
occurred within the three day interval between when the victim was last seen 
alive and the estimated date of oviposition. This article demonstrates the close 
relationship between insects and the decomposition process, as well as some of 
the factors that can influence the rate of both the arrival and oviposition of the 
insects as well as the rate of the decomposition process itself. 
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Simmons, Ad lam, and Moffatt (201 0) further discuss the importance of 
insect presence to the rate of the decomposition process observed and 
quantified through the use of Accumulated Degree Days and Total Body Scoring. 
The authors hypothesize that, through the use of the Accumulated Degree Days 
method in quantifying temperature and climatological data, decomposition and 
other taphonomic studies can be easily, and most importantly accurately, related 
across time an~ environment. To begin their experiment, the authors gathered a 
large amount of data, both published and unpublished, from their prior 
experiments dealing with decomposition in various environments across the 
United Kingdom as well as from studies published by other authors. Initially, for 
each of these prior experiments, the time and temperature data was taken and 
converted into Accumulated Degree Days. Through all of the experiments 
examined by the authors, the environments were broken down into three 
categories: terrestrial (including both outdoors and indoors), sub-surface, and 
aquatic. Data collected from laboratory experiments was categorized into the 
most appropriate area depending on the type of experiment that was carried out, 
primarily being classified as terrestrial or aquatic. Through their analysis, the 
authors confirm that the single largest and most paramount factor influencing the 
rate of decomposition is the presence and abundance of insects and other 
arthropods. They also conclude that, regardless of the depositional environment, 
when arthropod activity to a set of remains is restricted, the rate of decomposition 
is dramatically reduced. When evaluating the results of the comparison between 
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indoor and outdoor decomposition rates, Simmons et al. report that 
decomposition proceeds at a significantly faster rate outdoors than indoors. This 
is likely due to more extreme temperatures and much easier access for 
arthropods outdoors as opposed to and indoor environment. When 
decomposition rate data was compared between indoor, sub-surface, and 
aquatic environments, the only result that was statistically significant (p < 0.05) 
was the absence of insect activity in all of the cases. This lead to a comparison 
of this data with outdoor data from scenarios in which insect activity was 
deliberately excluded, and again following the comparison of these data, the 
authors came to a similar conclusion. They report that the most significant 
variable affecting the rate of the decomposition process in the presence of insect 
and other arthropod activity, and that all remains present in some type of 
environment where insect activity is excluded will proceed at a significantly 
slower rate than where access is allowed. Additionally, Simmons et al., 2010, 
concluded from their Accumulated Degree Day data that smaller carcasses 
decompose at a faster rate than larger ones, even in the same environment. 
This was concluded to be primarily due to their smaller surface area, which 
allows the remains to be consumed more quickly by their arthropod colonizers, 
causing the remains to proceed through the decomposition process in fewer 
Accumulated Degree Days. Finally, Simmons et al. emphasize that further 
research should be conducted into the factors that would affect the arrival and 
presence of insects on remains, therefore lending some credibility to this current 
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study of whether exsanguination will delay the arrival of insects and therefore the 
decomposition process as a whole. 
The July 2010 issue of the Journal of Forensic Sciences contains an 
article authored by Simmons, Cross, Ad lam, and Moffatt (201 0) that discusses 
comparative rates of decomposition of rabbit carcasses, both buried and on the 
surface. The experiment conducted by the authors examines the effect of 
insects as a catalyst to speed up the decomposition process according to 
Accumulated Degree Days standards. This experiment was conducted in 
northwestern England in the summer of 2008 through a comparison of the rate of 
decomposition of insect-accessible remains and insect-excluded remains through 
the use of the Total Body Scoring system and Accumulated Degree Days. 
Simmons et al. divided their sample of 114 rabbits into four groups, insect-
accessible surface deposited remains, insect-excluded surface deposited 
remains, insect-accessible buried remains, and insect-excluded buried remains. 
In order to prevent insect access in the insect-excluded groups, the rabbits were 
placed into sealed plastic bags immediately after being euthanized in order to 
prevent oviposition by the various species of flies that colonize remains early. Of 
these insect-excluded rabbits, those that were to be in the buried subgroup were 
then immediately deposited into the graves that had already been prepared for 
them. In order to record the temperature changes that would likely occur with the 
buried decomposition, thermocouples were placed underneath each of the buried 
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rabbits. The insect-excluded rabbits in the surface deposited subgroup were 
placed into cages lined with 1 mm wire mesh, and the cages were routinely 
sprayed down with fly spray and pyrethrin powder in order to ensure that the 
carcasses remained as insect-free as possible. The rabbit carcasses that were 
in the insect-accessed buried group were lain out on the ground surface for a 
period of approximately 5 hours prior to burial to allow insect access before their 
interment. Finally, the insect-accessed surface deposited remains were placed 
on the ground surface and covered with chickenwire fencing to prevent 
scavenging by larger animals. Thermocouples were randomly inserted into 
several rabbits from each group to record thermal data change. According to the 
authors, data was collected from all of the rabbits , except the insect-excluded 
surface deposited group, every 50 Accumulated Degree Days, according to the 
amount of thermal energy accumulated. The rabbits in the insect-excluded 
surface deposition group were scored using the Total Body Scoring system at 
every inspection due to the necessity to assure that the carcasses remained 
insect-free. The authors note that when any of the rabbits in this group showed 
insect activity, they were removed from the area as well as removed from 
experimental calculations for that group. Upon each inspection , a Total Body 
Score was assigned to each of the rabbits, all rabbits were weighed, and a soil 
pH sample was taken for all groups except the insect-excluded surface deposited 
group. Upon completion of data gathering, the Total Body Scores for all of the 
rabbits in each group were compared to the log ADD for all groups. According to 
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their results, Simmons et al. report that the insect-accessed surface deposited 
group showed the markedly fastest rate of decomposition, followed by the insect-
accessed buried group, and then the insect-excluded surface deposited group, 
and finally the insect-excluded buried group. The authors report that flies did 
eventually access some of the insect-excluded surface deposited rabbits despite 
all of their attempted safeguards, and these rabbits were removed and allowed to 
decompose at a safe distance away from the rest of their group as to not allow 
for any crossover of insects. In their conclusions, Simmons et al. clearly state 
that, in keeping with their previous studies, when time and ambient temperature 
are standardized using the Accumulated Degree Days method, it is clear that 
insect access is the most significant factor in determining the rate of the 
decomposition process, regardless of carcass size or depositional environment. 
Michaud and Moreau (2011) provide additional modern research 
concerning the various decomposition stages and the accumulated thermal 
energy required to reach each of those stages. The purpose of their study was 
to validate the claimed predictability of the stages of the decomposition process 
as well as building an accumulated degree day indices that can be applied to 
various aspects of the decomposition process. The study was undertaken in two 
large rural fields in New Brunswick, Canada over a period of three years. The 
remains of twelve domestic pigs were utilized in place of human cadavers and 
were placed on a thin layer of soil-less potting mix on sheets of plywood wrapped 
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in polyurethane. These elements were constructed in order to maintain soil 
conditions between the two sites and to isolate each set of remains from the 
ground. Each set of remains was then enclosed within chicken wire cages 
wrapped around wooden frames in order to deter larger scavengers but still allow 
access to the smaller organisms associated with the decomposition process. 
Each set of remains was placed at a minimum of 50 meters apart in order to 
prevent skewing of results due to cross-contamination from the other sets of 
remains. Weather conditions were collected from a weather station at one of the 
sites, which was confirmed to provide accurate results for both testing sites. 
Michaud and Moreau define five separate decompositional stages used in the 
scoring of their porcine remains. These stages are the fresh stage, bloated 
stage, active decay stage, advanced decay stage, and dry decay stage. 
Following visual observations of the decomposition process of all of the 
individuals and weather data collection, the authors analyzed their data utilizing a 
several-step process. Initially, accumulated degree days were calculated for 
each individual set of remains from the original fresh stage to their end result in 
the dry stage. Next, they defined a scale for decomposition that displayed the 
expected intervals for each of the five stages. Following the creation of this 
scale, a multiple regression analysis was performed using the data from the 
previous two steps in order to generate an index of accumulated degree days. 
Then, the probability of each set of remains belonging to a given stage on the 
index was calculated and these data were then compared with results of a prior 
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similar experiment carried out by the authors and validated based on that 
comparison. Since, as the authors claim, the stages of decomposition do not 
occur at strict intervals and each stage is not of equal duration, they created a 
new scale for the decomposition process taking into account this variability. In 
order to determine the newly defined approximate length of each of the stages, 
the accumulated degree day data for each of the decomposition stages from 
each of the summer portions of the three years in which the remains were 
monitored was used. These data were averaged and then divided by the 
accumulated degree day data for the total time to reach the dry stage in order to 
approximate a more accurate length for each of the individual stages of the 
process. The new scale for the length of the decomposition process created by 
Michaud and Moreau runs from 0 at the fresh stage to 1 at the dry stage. 
Following their calculations new estimates for the decay stages of the process 
were created along that scale, instead of being arbitrarily placed at 0.25, 0.50, 
and 0.75 as they were typically before. On the new scale, the bloat stage begins 
at approximately 0.214, active decay at approximately 0.465, and advanced 
decay beginning approximately at 0.596. These values are not physical time or 
temperature values, but rather represent starting points along the overall timeline 
of each individual decomposition process, regardless of how long that particular 
decomposition takes. However, the accumulated degree day index created in 
this study is only applicable to the area the study was performed in, and as such, 
the authors stress the creation of like indices for all geographic areas. The 
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authors conclude that, according to prior published research, the observable 
physical condition of remains is a reliable indicator of their stage in the 
decomposition process. 
Materials and Methods 
The present study was conducted over a period of three months in late 
summer and early fall of 2011. Observation began on August 3, 2011 and ended 
October 3, 2011 at the Boston University School of Medicine Outdoor Research 
Facility in Holliston, Massachusetts. 
The present study utilized four porcine cadavers, Sus scrota domesticus, 
supplied by the Tufts University Cummings School of Veterinary Medicine in 
Grafton, Massachusetts. All of the animals weighed approximately 35 pounds 
and were euthanized by captive bolt, an approved humane method of animal 
sacrifice. One pig was selected as the control animal, with the other three 
comprising the experimental group. When the captive bolt is applied to the frontal 
aspect of the skull roughly 1 em above the superior orbital margin, the bleeding 
due to damage to the superior sagittal sinus is limited (as in the control animal). 
However when applied higher up on the sagittal suture where the sinus is larger, 
then the bleeding from the wound is abundant and results in near complete 
exsanguination. Following exsanguination, the three experimental animal 
carcasses appeared blanched and noticeably whiter than the control animal. 
Each carcass was transferred to a medium-sized wire cage, measuring 24" x 17" 
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x 18" to prevent access to larger mammalian and avian scavengers. Metal tags 
were attached to each cage to identify each carcass and the group it belonged 
to. All four carcasses were placed outside in an open field at the Outdoor 
Research Facility. The remains were placed 35' apart to limit cross-
contamination between the experimental and control animals by insects and 
other scavengers. Comprehensive weather data was collected every 30 minutes 
from a weather station also located in the same field. Beginning on August 3, 
2011, the remains and their taphonomic condition were observed and recorded 
including: the condition of the remains and any insects or other animals present. 
Weather Data 
Detailed weather data was collected every 30 minutes throughout the 
duration of the study by a Davis Instruments Vantage Pro2 weather station 
located in the same area of the Outdoor Research Facility as the pig carcasses. 
Data collected included high and low temperatures, humidity, dew point, wind 
speed and direction , wind chill , heat index, barometric pressure, solar radiation, 
UV index, and accumulated rainfall. 
Total Body Score 
According to Megyesi et al, TBS initially divides decomposition into four 
categories: fresh , early decomposition, advanced decomposition, and 
skeletonization. Each of these categories is then further divided into stages to 
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specifically describe the appearance of the remains. Each of these stages are 
assigned a beginning value of "1" and increasing by one point for each 
progression. The scoring system categories of the decomposition process were 
then further divided down into three independently scored areas of the body. 
These sections are the head and neck (including the cervical vertebrae) ranging 
from a score of 1-13, the trunk (including the thorax, abdomen, and pelvis) 
ranging from 1-12, and the limbs ranging from 1-10. These sections are all 
scored independently of one another because each has been observed to 
proceed through the decomposition process at separate rates. Megyesi et al. 
(2011) provide a table of the independent scoring categories along with 
descriptions of the common appearance of each of the point values for each 
area. Once all scores of the three areas are completed , they are summed and 
defined as the Total Body Score (TBS). The higher the value of the Total Body 
Score, the more advanced the state of decomposition is for the set of remains 
being analyzed. For example, the lowest possible score is 3 (head -1, trunk -1, 
and limbs -1 ), which would indicate extremely fresh remains. The highest 
possible score is 35 (head -13, trunk -12, and limbs -10), indicating skeletonized 
remains. Should a particular set of remains demonstrate two extremes of 
decomposition , the authors recommend averaging the scores of the two 
extremes seen in the same scoring area. When performing their statistical 
analysis, Megyesi et al. classify the Total Body Score as the independent 
variable and the Accumulated Degree Days as the dependent variable, as they 
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are looking to estimate ADD from TBS. The Total Body Scores present in the 
sample of 68 cases ranged from 3 to 35, encompassing the entire range of 
possible values for the system. As their calculated r2 value was high (r2=0.84 ), 
Megyesi et al.'s results indicate that the use of Accumulated Degree Days should 
significantly improve the accuracy of the estimation of post mortem interval. The 
~value shows the proportion of variability in the data set that is accounted for by 
the statistical model; the higher the r2 value, the more reliable the result. In order 
to predict the time of death using this method, the TBS of the individual being 
observed is calculated and the plugged into the equation 
ADD=1 o<0·002*rss·rss+1·81 )±388.16. The value resulting from the calculation of this 
equation is the estimated number of Accumulated Degree Days necessary for 
the remains to achieve the stage of decomposition indicated by the Total Body 
Score. After obtaining the ADD value, the actual daily value can be calculated by 
obtaining local weather information. The degrees for each day prior to the day of 
discovery are then added together until the value calculated for the ADD is 
reached. At this point, the total number of accumulated days it took to reach that 
number is the estimated number of days since the individual was killed , or the 
post mortem interval. 
Following data collection, daily calculation of Total Body Score for each 
subject was performed according to Megyesi et al (2005). The TBS data then 
proved to be non-linear. The data were converted into linear data by performing 
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a logarithm transformation as outlined in Megyesi et al (2005). The weather data 
obtained from the weather station in located in the examination field was used to 
estimate the total accumulated degree days for each set of remains based on the 
method outlined by Megyesi et al (2005). A base threshold temperature of 32oF 
was used in all Accumulated Degree Day calculations in accordance with the 
system applied in Megyesi et al (2005). All of the data was collected, calculated, 
and compiled in Microsoft Excel 2010 on a notebook PC. 
Results 
Qualitative 
During the period of two months between August 3, 2011 to October 3, 
2011, each set of remains proceeded through the entire decomposition process 
from the fresh stage to the dry stage. The progression of decomposition of each 
carcass was evaluated daily and assigned a Total Body Score. The main 
objective of this study was to determine if exsanguination affected the rate of 
insect arrival or rate or nature of decomposition. 
Control Animal 
The control pig (C1) was the last specimen to reach a TBS of 35 
(illustrated in photos 1-22). That is to say, it was the last of all four of the 
specimens to reach the dry stage of the decomposition process (illustrated in 
tables 1-4 ). 
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On the first day of observation, August 3, 2011, the control individual was 
scored in the fresh stage of decomposition. Within minutes after the deposition 
of the remains in the field, the animal was becoming frequented by numerous 
blow flies. These flies were clustering around the natural orifices of the body, 
specifically the ears, mouth, nose, and rectum. Eggs lain by these flies were 
visible in many of these orifices. Observations on day 2 revealed egg masses 
visible in all of the natural orifices of the animal, with some hatched larvae 
present. Overall, the remains were still classified in the fresh stage with no 
significant or readily observable decomposition-related physical changes. On 
day 3, the control remains were in significantly different condition. The bloat 
stage had been achieved, with the entire body of the animal, including the 
forelimbs, noticeably swollen and larger than the previous day. The snout had 
become dark brown around the areas where the eggs had been laid. There were 
many small larvae present within the mouth, ears, and in smaller amounts on the 
rectum. Blowflies continued to be plentiful on and around the animal, especially 
at the rectum (photo 5). On day 4, the previously observed changes continued to 
develop. While the remains were still clearly in the bloat stage, there was now an 
approximately 2" long · rupture in the skin of the abdomen on the ventral side that 
extended through the body wall, allowing a portion of intestine to protrude from it 
(photo 8). This piece of swollen intestine and body for several inches in all 
directions surrounding the breach was entirely covered with both the larvae and 
blowflies. An additional small tear in the skin of the animal had also appeared a 
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few inches posterior to the larger tear, located just between the rear limbs. This 
second rupture of the skin was more superficial than the one described above. 
There was also now a large larval mass clustered just under the thin outer layer 
of epidermis on the ventral side between the two front limbs, descending down 
onto the right forelimb which was resting on the ground surface. Finally, the 
larvae which had been present in the mouth of the animal on the previous day 
had consumed all of the flesh from the mandible, leaving it bare to the bone on 
the left side and bare under a thin layer of skin on the right side, which was 
superior to the left portion as the animal was resting on its left side (photo 7). 
Larval activity had also cleared a significant portion of the flesh and skin from the 
ventral neck area as well, but was still being actively consumed. The next day, 
day 5, presented some different weather patterns than the previous days of 
observation. It had been raining since just before midnight the previous night, 
accumulating nearly 2.5" of rain throughout the day. The remains were no longer 
bloated, as the skin was quite ruptured along the ventral side and sagging. The 
posterior tear in the skin with the protruding intestine from the previous day was 
covered with at least twice as many larvae as the day before. A new 
development for that day was the ventral subcutaneous larval mass between the 
forelimbs had ruptured the skin and spilled out onto the ground surface. The 
larvae on the ground had reached the left forelimb and had consumed nearly all 
of the flesh from it, leaving only bits of skin behind. There was also much more 
bone exposure of the cranium as opposed to the previous day, which only 
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presented exposure of the mandible. The following day, day 6, also presented 
significant change from the previous day. The remains of the control animal 
were now solidly in the active decay phase, with moist decomposition occurring 
across the entire ventral portion of the animal as well as nearly all of the anterior 
portion from the tip of the snout to the forelimbs. There was now additional 
exposure of the entire skull of the animal, but some skin and desiccated tissues 
presented exposure of the mandible. The following day, day 6, also presented 
significant change from the previous day. The remains of the control animal 
were now solidly in the active decay phase, with moist decomposition occurring 
across the entire ventral portion of the animal as well as nearly all of the anterior 
portion from the tip of the snout to the forelimbs. There was now additional 
exposure of the entire skull of the animal, but some skin and desiccated tissues 
remained attached. There was nearly complete bone exposure of both forelimbs, 
with the left forelimb being completely exposed, and the right still maintaining 
some desiccated tissue. The entire ventral portion of the animal had been 
opened by larval activity with some exposure of the costal ends of the ribs. The 
organs and intestines of the animal had been exposed by the larvae consuming 
the flesh of the underside of the pig. The entire ventral area displayed larval 
activity, especially between the forelimbs and the hind limbs. The distal end of 
the animal, surrounding the rectum, had been eaten away by the larvae as well. 
This feeding was still in progress in this area as the entire area was completely 
covered with larvae. By this date, the larvae were all noticeably larger than on 
the previous days, suggesting that they were now later instars and had molted at 
least once since hatching. By the next day, day 7, the rate of active decay had 
slowed as the vast majority of the soft tissue of the abdominal wall of the animal 
had been consumed , leaving behind a large pile of organs, intestines, and moist 
decompositional waste. There was still substantial tissue and skin covering the 
vertebral column and hind limbs of the animal , although there was some slight 
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exposure of bone beginning on the left hind limb, which was in contact with the 
ground. There were a significantly smaller noticeable amount of larvae, as many 
from the previous day had clearly moved off to pupate. However, a sizeable 
larval mass was still present under the tissue and skin of the vertebral column 
near the hind limbs. Day 8 presented much the same as the previous day. The 
animal was still in a period of active decay, with little visibly altered from the 
previous day except for further exposure of bone of the ribs and left hind leg. 
Two of the smaller bones of the left hind leg had also been removed from the 
cage and deposited a few inches outside of the cage, likely by the migration of 
the larval mass or by a small carnivore or rodent. By the next day, day 9, the 
moist areas of active decay had begun to dry and the only visible change 
noticeable was nearly complete appearance of bone on the ribs. Day 1 0 
presented little visible change in the remains, save for most of the bones 
exposed on the frontal end of the pig becoming bleached by the sun. The 
moistness produced by the days of active decay had nearly completed drying by 
that day. By day 12, the animal had begun the advanced decay phase in which 
the wetness of the active decay phase had dried and the remaining flesh was 
beginning to dry out. The bones of the left hind leg were also nearly completely 
exposed by that time. Due to the lack of day-to-day changes over the past 
several days, the pigs were now not observed for a period of three days, until day 
15. On that date, the remains had dried out significantly, exposing more bone 
across the entire animal. There was still a large amount of drying tissue and skin 
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attached from the top of the cranium, all along the vertebral column, and on the 
right hind leg. By this time, the majority of the exposed bone had undergone 
some amount of sun bleaching. On day 16, the following day, the remains 
appeared nearly identical to what they had on the previous day. The only 
noticeable change over the 24 hours was that the tissue that remained on the 
animal had become more dry and withered. Due to the lack of activity and 
alteration, the remains were left alone for five days until day 21. Upon 
examination of the remains, it was observed that there had been no significant 
alteration of the remains in the time they were left alone, other than drying out of 
the tissues still attached to the cranium, spine, and right hind leg. The exposed 
bones continued to become more bleached from prolonged exposure to the 
summer sun. The remains were next examined on day 24, where they were 
observed to be essentially unchanged. The remains were again left alone for a 
period of ten days and were observed again on day 33. At that time it was 
observed that the tissue and skin that still clung to the remains had dried out 
significantly and had shrunken and become somewhat mummified. This caused 
the bones of the right hind limb to finally begin to become visible, however still 
covering the vertebral column completely as well as a portion of the cranium. 
When the remains were inspected again on day 45, the tissue and skin had 
shrunken even more, now tightly clinging to the bones to which they were still 
attached. Due to the advanced decomposition state of the remains, they were 
left alone and unobserved until day 62, which was the final observation date. 
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During the period of over two weeks since the previous observation, the weather 
of the autumn season had caused an interesting taphonomic alteration to the 
remains. Over the previous seventeen days, the dampness of the environment 
had initiated the growth of algae and mold on the remains and subsequently 
caused all of the exposed bones to become stained green (photo 22). Despite 
this external staining and the presence of a portion of extremely dry, desiccated 
and partially mummified tissue over the vertebral column, all of the bones were 
now completely dry and thus the remains were finally assigned a TBS of 35. 
Experimental Group 
In the experimental group (E1) and (E2) were the first two animals to 
reach a TBS of 35 (see photos 23-41) on September 16, or day 45. On the first 
day of observation (August 3), also the day the remains were placed in the field, 
the animal labeled E1 achieved a Total Body Score of 3, defining it as 'Fresh', 
with no visible changes. This exsanguinated animal was placed into its cage in 
the field and photographed. At this time (approximately 5 minutes after exposure 
to the site), several blowflies had already discovered the remains and had begun 
to lay their eggs inside the mouth and nostrils. On the following day, day 2, there 
were already noticeable changes in the appearance of the remains. The skin of 
the animal had taken on large orange to pink blotches in various locations all 
over the remains (photo 24 ). Blow fly eggs were also then clearly visible in the 
mouth and nostrils of the pig, with smaller amounts located in the ears. On day 
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3, the animal had entered the bloat stage of decomposition. There were now 
large larval masses present on the ventral surface of the animal between the 
forelimbs and just under the mandible. Smaller larval masses were located in the 
mouth, nostrils, and ears. Blowflies were still present on and in the air around 
the remains. The next day, day 4, presented noticeable physical changes of the 
remains from the previous day. The ventral areas from the previous day that 
were occupied by larvae were now dark brown in color and the outer layer of skin 
was beginning to peel. The larval activity in the mouth had now exposed the 
bone of both the mandible and maxilla. In a manner similar to that seen in the 
control animal, the rectum of the E1 animal had prolapsed and was covered with 
blowflies (photo 27). Blowflies and larvae were still prevalent on and around the 
remains, albeit not in largely visible numbers on the dryer surface of the remains. 
Day 5 was extremely wet with heavy rains lasting all day, accumulating nearly 
2.5" of rain throughout the day with an average temperature of approximately 
72°F. The rain did not seem to affect the larval activity, with increased numbers 
of larvae present along the ventral portion of the animal between the hind limbs, 
forelimbs, and along the forelimb scapulae. The animal had entered the active 
decay stage as the flesh along the ventral portion of the animal had been 
ruptured and was now beginning to sag, with no more visible inflation of any 
portion of the body. The continued larval activity exposed bone on the lower 
portions of the forelimbs and continued to expose more of the skull, although a 
portion of the skull near the vertebral column was still covered in tissue and skin. 
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The prolapsed rectum had collapsed and was also covered in larvae. Much of 
the thicker skin had begun to slough off at this point as well. Day 6 was different 
in comparison to the previous day in terms of both weather and the condition of 
the remains. Over the previous 24 hours, there had been 2.5" of rain with an 
average temperature of approximately 72°F and little solar radiation. Day 6 
presented with a high temperature of approximately 86°F no rain and a UV index 
of 6. 7. With the rise in temperature, there was now extensive larval activity 
across all visible surfaces of the remains. This condition was not observed at 
any point during the observation of the sanguine control animal on that same 
day. Substantial exposure of the forelimbs, nearly up to the scapulae had 
occurred. There were still no bones visible on the hind limbs or the abdomen of 
the animal, but both areas were covered in moist decomposition fluids, organs, 
and intestines. Due to sun exposure, the exposed bones of the cranium, 
mandible, and several of the earlier exposed forelimb bones had begun drying. 
On the next day, day 7, the remains exhibited significantly more bone exposure 
of several areas of the body. The majority of the skull and mandible were now 
completely exposed due to recession of the drying tissues holding the skin and 
drying skin in place on the skull. The forelimbs were now completely exposed 
along with some of the upper ribs near to the forelimbs. The superior portions of 
the hind limbs and some of the pelvic bones were now also becoming exposed 
due to larvae consuming the flesh from that area as well. The exposed portions 
of the skull and forelimbs continued to become sun bleached. The following day, 
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day 8, showed further exposure of bone on the ribs and scapulae, as well as the 
hind limbs. The moist portions of the remains were beginning to dry as the 
animal was shifting from the active decay phase into the advanced decay phase 
of decomposition. The previously exposed portions of bone were continuing to 
become bleached whiter through continued sun exposure. By the next day, day 
9, the remains had entered the advanced decay phase of the decomposition 
process in which the remaining tissues and skin undergo the process of drying 
out and mummifying. By this time, there were no visible larvae and very few flies 
of any type. The drying process had begun to expose some of the lumbar 
vertebrae along the spinal column, most of which was still covered by drying 
tissue and skin. There was also continued exposure of the bone of the hind 
limbs, with the previously exposed areas of this location and the others becoming 
still more sun bleached. On day 1 0, there was little change from the previous 
day aside from continued sun bleaching of the exposed areas of bone and further 
drying of the tissues that still remained attached to the body. During the next 24-
hour period, into day 11 , little changed other than continued exposure of bone on 
the hind limbs and sun bleaching. Due to the lack of observable changes over 
the past several days, the remains were not observed again for three days. On 
day 14, there was readily observable greater exposure of bone on the hind limbs 
and much more sun bleaching on these same bones. There was also some 
beginning exposure of cervical vertebrae near the skull , with the majority of the 
spinal column remaining covered in tissue and hide. The next day, day 15, the 
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remains exhibited further exposure of the lumbar vertebrae and noticeable drying 
and desiccation of the tissue and skin clinging to the vertebral column. By this 
time, nearly all of the bones of the hind limbs were exposed save for the lowest 
portions near the hooves. The remains were again left alone, now for a period of 
five days, until day 20. By that date, the remains had undergone significantly 
more sun bleaching of the more newly exposed bone, and the tissue along the 
spinal column had dried out more. On day 23, there were few physical changes 
since the previous observation. The only noticeable change was the now 
extremely white sun bleached coloration of nearly all of the exposed areas of 
bone. The next observation, conducted on day 33, displayed additional exposure 
of some areas of bone. All of the ribs were now visible save for their attachment 
points along the vertebral column, which was still covered with dried tissue and 
skin. Also by this date, the hind limbs had become completely exposed and 
devoid of nearly all tissue, including the hard hoof material covering the 
phalanges. When the remains were next observed on day 45, they showed little 
physical change from the previous observation date, save for some final drying of 
bone and disappearance of some desiccated tissue. It was on this date that the 
remains received a TBS of 35, indicating the end of the decomposition cycle due 
to the complete dryness of all visible bones. There was one final positional 
alteration however. In the time since the previous observation, the right portion 
of the mandible and several of the upper forelimb bones had been moved and 
scattered in a new pattern, while still inside the cage, due possibly to larval 
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exodus or scavenger activity. The final date of observation was day 62, and on 
this date, in a manner consistent with the control remains, the E1 animal 
exhibited green staining on many of the bones (photo 41 ). Again, this is likely the 
result of the dampness of the autumn season triggering the growth of algae and 
mold on the remains. Despite the algal growth, the bones remained dry and 
devoid of all tissue, effectively terminating the decomposition process. 
The second animal in the experimental group was labeled E2 (see photos 
42-65). After the exsanguination process using the syringe, the animal was 
placed into the cage and deposited in the observation field along with the other 
individuals in the study. This first day, August 3, was also the first day of 
recorded observations. As the observations on this date were taken immediately 
after the placement of the remains in the field, the individual labeled E2 received 
a TBS of 3 as it was still in the fresh stage. By the time the observations were 
being recorded and photographs were being taken, several species of flies, 
including blowflies and fleshflies, had already located the remains and appeared 
to be depositing eggs in the natural orifices of the remains. By the following day, 
day 2, the remains had taken on a different physical appearance. The skin of the 
animal had become discolored with large blotches of orange to pink discoloration 
in various locations over the body surface (photo 43). Fly egg masses could now 
clearly be seen in the mouth, nostrils, and ears of the animal. There were many 
blowflies on and in the air around the remains. As of that date, there was no 
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visible larval activity yet on the remains. On day 3 there was little physical 
change to the remains. The orange cutaneous discolored spots on the body 
surfaces persisted. The only significant change since the previous day's 
observation was the presence of a large mass of larvae in the mouth and nostrils 
of the animal. There was still a large number of blowflies on and around the 
remains. On day 4, dramatic physical alterations from the previous day were 
seen. The trunk of the animal was slightly bloated, but not to the degree that any 
of the other animals in the study had at the equivalent point in the decomposition 
process. The head of the animal had proceeded into the active decay stage of 
decomposition and was entirely dark drown to black in its color (photo 45). The 
flesh had been consumed to the point that considerable bone of the mandible 
and maxilla were exposed. There was still larval activity across all areas of the 
head. There were also blowfly eggs visible on the ventral side of the animal 
between the hind legs that had not been visible on the previous day. On day 5, 
heavy rains fell over the entire day, resulting in a total accumulation of nearly 2.5" 
of rain with an average temperature of 72° and little solar radiation. These 
weather patterns appeared to have little effect on the overall level of larval 
activity on the remains. The large larval mass extended from the shoulder area 
down the forelimbs to the ventral side of the animal. The mass further extended 
down the length of the ventral side of the pig and terminated between the two 
hind limbs. As such, the slight bloat seen on the previous day's observation was 
now gone, consistent with the observations that the skin had ruptured and was 
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now sagging, and the animal had entered the active decay phase of 
decomposition. The larval activity on the head from the previous day had now 
completely exposed the bone of the entire skull, leaving no tissue attached. The 
wet weather subsided by the following day 6. By then, the large larval masses 
seen on the carcass the previous day had begun to depart. Their activity had 
further exposed bone of the forelimbs and some of the cervical spine. The large 
larval mass was visible in the process of migrating from the remains outside of 
the cage (photo 48). The rectum of the animal was now slightly prolapsed, but 
not to the extent of C1 or E1. There were still larvae present between the two 
hind legs and around the perianal region. Additionally, there were still several 
species of flies, including blowflies and fleshflies, on and around the remains, 
especially around the rectum. On day 7, few physical changes from the previous 
day were observed on the decomposing remains. One observed difference was 
the reduction in the size of the migrating larval mass as compared to the day 
before. There was also slight exposure of bone on the left hind limb that was in 
contact with the ground. Some additional bone exposure was seen on day 8. 
Due to the larval activity near the posterior end of the animal , more bone had 
become exposed on both left and right hind limbs. Additionally, the exposed 
bones of the skull, cervical spine, scapulae, and forelimbs were beginning to 
lighten in color due to some drying out from sun exposure. By this time, the 
entire abdomen of this animal remained entirely covered by tissue and skin, in 
stark contrast to all of the other study animals, which had exposed organs and 
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intestines by this time. By the day 9, the exposed bones were continuing to dry 
and become lighter in color. The tissue covering the abdomen, although still 
entirely present, had begun to dry along its edges. There was a notable physical 
alteration by this date was the larval activity around and inside of the anal area . 
A large puddle of putrefactive fluid had leaked out of the rectum and pooled 
outside of the cage (photo 52). The following day, day 10, little physical change 
was observed from the prior day other than continued drying. The pool of 
putrefactive fluid seen coming from the rectum on the previous day was no 
longer visible save for a dark moist area of soil where the puddle had been. Day 
11 saw no observable physical alteration of the remains. The exposed areas of 
bone were continuing to dry in the sun and were becoming whitish and sun 
bleached. Additionally, it was noted that two phalanges from the hind limbs of 
the animal had been displaced a distance of approximately one meter from the 
cage (photo 55). Due to the lack of physical changes seen over the previous 
several days, the remains were not observed again for three days. Thus on day 
14, the remains displayed some change from the previous observation . The 
abdomen area of the animal was now resting in a pool of thick gray 
decompositional fluid , but still remained covered by the tissue and hair that had 
been present through the entire process (photo 56). All of the exposed bones of 
the remains had become much lighter in color due to their drying out from sun 
exposure. By day 15, the abdominal area underneath the tissue and skin had 
collapsed, but still retained all of the tissue that was previously present. The 
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cranium and mandible were now more sun bleached than any of the other 
exposed bones. The remains were next observed on day 20. At that time, they 
showed little physical alteration from the previous observation. The only notable 
change was that the putrefactive fluid pool around the remains had dried up. The 
bones that had been resting in this material had begun to dry as well. The next 
observation of the remains was on day 23. At that time, the tissue and hair still 
covered nearly all of the abdominal area as well as a good portion of the hind 
limbs (photo 59). Although still present and clearly attached to the remains, this 
tissue appeared to be becoming dried out and mummified. Nearly all of the 
exposed areas of bone had undergone some degree of sun bleaching, with those 
being exposed longer having a lighter color. The next observation of the remains 
took place on day 33. Between days 23 and 33, storm winds and rain had 
moved through the area. The storm caused a tree near the study field to fall on 
top of the cage containing this animal, labeled E2 (photos 60-61 ). The cage 
protected the remains from the impact of the falling tree. By day 33, the tissue 
covering the abdomen of the animal had disappeared, finally exposing the ribs 
and vertebral column. At this point, all of the bones of the animal were exposed, 
all with varying degrees of moisture content. The remains were again observed 
on day 45. By this time, all of the newly exposed bone from the previous 
observation had become noticeable more dry and lighter in color. All of the 
bones of the animal were nearly completely dry by this date of observation, and 
as such, the animal received a TBS of 35. The final observation took place on 
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day 62. The tree that had fallen on the cage was removed, and observations of 
the final condition of the remains were made. Unlike the first two sets of remains 
described (C1 and E1 ), the remains of E2 did not exhibit the green staining from 
the growth of algae (photo 63). As such, the remains were still entirely dry and 
once again, the decomposition process had come to an end. 
The last sample placed in the field for observation was the third cadaver in 
the experimental group, labeled E3 (photos 64-83). This carcass took the 
longest time of the experimental group to achieve a Total Body Score of 35. This 
individual was exsanguinated at the same time as the rest of the experimental 
group on day 1, appearing blanched and whitish when compared to the control 
individual. The remains were placed into their own cage and deposited in the 
observation field at the research facility. On the initial day of observation, the 
remains received a TBS of 3, receiving a score of 1 in each of the three scored 
categories. Within five minutes of depositing the animal in the field, several 
blowflies had discovered the remains and were clustering around the head of the 
animal. By day 2, several outward physical changes were observed. Aside from 
showing signs of slight bloating, the most noticeable alterations were a slight 
orange discoloration on the ventral surface of the head and a mass of insect 
eggs in the mouth and ears on the animal. By the following day, day 3, the 
remains had undergone more apparent physical changes. The remains were 
now in the full bloat stage as the trunk and limbs were swollen and inflated with 
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decompositional gasses. Additionally, a large purple discoloration was now 
present on the ventral surface of the animal between the two forelimbs. This 
area of discoloration could have been the result of any remaining blood pooling in 
that area. This discoloration had also attracted many blowflies (photo 66). A 
split in the skin a few centimeters in length on the ventral surface of the abdomen 
was present. Also noticeable were the groups of larvae which had hatched from 
the eggs observed previously in the mouth and ears. In addition , a smaller larval 
mass was also present under the right forelimb at the axilla , as the animal was 
lying on its right side, providing a shaded area for the larvae. The following day, 
day 4, presented significant physical changes in the remains. The head and 
forelimbs of the animal had entered the active decay stage of decomposition and 
were very dark red-brown in color and moist. The active of the larvae in the 
mouth had exposed the bones of the mandible and maxilla. No other bones 
were yet visible in any other location on the body. A large larval mass extended 
from the forelimbs along the ventral surface of the abdomen, terminating at the 
hind limbs. The small break in the skin on the abdomen noted on the previous 
day had enlarged slightly. Nearly all of the larvae visible in the mass along the 
ventral surface of the animal appeared larger than those visible the day before, 
likely as a result of uninterrupted feeding for the previous 24 hours. Many 
blowflies still remained on and around the animal. An American Carrion Beetle 
(Necrophilia americana) was also observed on the ground surface near the 
remains. As previously noted, the following day of observation, day 5, presented 
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with heavy rains lasting throughout the day, totaling an accumulation of 
approximately 2.5" of rain. In a similar fashion to the other sets of remains, these 
weather patterns appeared to have little, if any, effect on the larval masses 
present on the remains. The larval mass seen on the previous day had 
dramatically expanded to encompass the head and a large portion of the caudal 
end of the animal, from the lumbar spine area to the perianal region (see photo 
69). The continued action of the larvae exposed approximately half of the bone 
of the skull by this date. As a result of the vigorous larval activity, the remains 
were no longer in the bloat phase of decomposition and had proceeded into the 
active decay period. The weather patterns on day 6 were radically different. The 
rain ceased, the ground had dried out, and the sun was shining brightly down 
onto the observation field. The temperature rose from 72° the previous day to 
nearly 86°, with high humidity (99%). As a result of the warmer temperatures, 
the larval activity appeared to increase, producing a very different appearance of 
the remains as had yet been observed for this individual. The entire skin surface 
of the animal was now dark brown in color and beginning to recede towards the 
spinal column due to the internal larval activity. The larval mass seen on the 
previous day was now spread across the totality of the remains, consuming flesh 
over the entire specimen. Their activity had by this time completely exposed the 
bone of the mandible and nearly the entire cranium, as well as the upper several 
cervical vertebrae. Bones of the forelimbs, several ribs, and distal portions of the 
hind limbs were now becoming visible as well. All visible aspects of bone were 
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still dark in color and wet with grease and decompositional fluid. The majority of 
the larvae were now very large and approximately half of them were migrating 
away from the remains (photo 71 ). By day 7, considerable bone had been 
exposed on the remains. The entire cranium and mandible were now completely 
exposed as well as becoming lighter in color due to some drying of the previously 
exposed portions. A small number of larvae were still present on the remains, 
however their numbers were greatly reduced when compared to those present 
over the period of several days prior. Larval activity had also eroded the soft 
tissues around the perianal region, exposing portions of the pelvic bones, 
proximal femora, and the pelvic cavity. On the day 8, the remains appeared 
mainly unchanged. The primary change was some drying of the exposed areas 
of bone, along with the areas previously covered with the abdominal contents. 
The remains were now shifting into the advanced decay phase where the 
remaining bone, tissues, and other body parts begin to dry and eventually 
mummify if conditions permit. Day 9 again presented few changes in the 
condition of the remains. Once again, the most noteworthy change was further 
drying of the bones, which were slowly becoming lighter in color due to this 
moisture loss and exposure to the sun in the open field. A good deal of skin and 
tissue remained attached to the vertebral column and extended across the 
majority of the ribs as well as the proximal portions of the hind limbs, save for the 
very proximal areas around the acetabular portions of the pelvis and femora. 
These same types of processes were again the only obvious alteration of the 
54 
remains by the following day, day 1 0. The bones of the cranium and mandible 
were becoming noticeably sun bleached due to their longer exposure period than 
any of the other areas of exposed bone. On day 11 , the exposed bones were 
much lighter in color than they had been on the previous days of observation. 
The remaining tissue of the abdomen and spinal column had begun to shrink, 
thereby exposing a larger portion of the proximal femora and ribs. Due to the 
lack of significant changes in the condition of the remains over the previous 
several days, it was decided that the remains would not be examined again until 
day 14, a period of three days. On that date, the tissue remaining on the 
abdomen had dried out substantially, becoming much lighter and paler in color. 
The exposed bones of the animal had also continued to lighten in color. On day 
15, there were almost no changes in the condition of remains save for continued 
drying and lightening of the exposed areas. The remains were not examined 
again until day 20. The only change noticeable during this five day period was 
further lightening of the color of the more recently exposed areas of the proximal 
femora and pelvic bones. On day 23, there was very little alteration of the 
remains. The primary change was again continued bleaching of the exposed 
bones due to direct sun exposure, all of which were becoming very white in color. 
Nearly the same large amount of tissue and hide remained attached to the 
vertebral column, abdomen, and hind limbs as in the previous weeks. When the 
remains were observed again on day 33, the tissue of the abdomen, vertebral 
column, and back limbs had again slightly receded, exposing somewhat more of 
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the ribs and bones of the hind limbs. All exposed areas of bone were now 
extensively bleached and white from sun exposure. Day 45 presented a focal 
change in the condition of the remains. In the period between this observation 
and the previous one, the tissue still present on the remains had grown what 
appeared to be a green colored mold across its surface (photo 82). Due to the 
presence of the fairly large amount of tissue, the remains were still not scored a 
35 in the TBS system, while the other two sets of remains in the experimental 
group had reached that score by this date. The final observation of the remains 
took place on day 62. The most substantial taphonomic alteration of the remains 
was the appearance of green staining on nearly all of the exposed bones of the 
subject (photo 83). The remaining tissue and skin had by this time become 
completely dry, desiccated, and nearly mummified. Additionally, all of the bones 
of the individual had completely dried out, even under this remaining tissue. As 
such the remains were finally scored a 35 in the TBS tables, sufficiently calling to 
an end the process of decomposition for that particular set of remains. 
Quantitative 
Following the data collection during the observational period of the primary 
study, all quantitative findings were entered into Microsoft Excel 2010. These 
data included Total Body Score calculations and Accumulated Degree Day 
calculations, as well as all weather data. The control animal's results were 
recorded and graphed separately. The results from the experimental group were 
56 
recorded and graphed both individually and as an average for the three 
individuals in the group, as seen in graphs 3-10. Both the individual data as well 
as the averaged data for the experimental group was then compared to that of 
the control group. The control animal took approximately 62 days to reach a TBS 
of 35. The experimental group displayed different results. The experimental 
animals labeled E 1 and E2 took approximately 45 days to reach the same 
skeletonized state, resulting in a TBS of 35. Finally, the animal in the 
experimental group labeled E3 took approximately 62 days to reach total 
skeletonization, in a similar fashion to the control animal (see graph 12). For 
each animal, the data for Total Body Score, post mortem interval in days, and 
Accumulated Degree Days were entered into Microsoft Excel. From there, the 
data for Total Body Score was plotted against the post mortem interval for each 
individual. In keeping with the findings of Megyesi et al (2005) this data did not 
produce a linear plot, and was as such made linear through a logarithm 
transformation of the data. The R2 value for the plot of data from the control 
animal was 0.4476, which is entirely too low to describe and correlation (Graph 
1 ). Similarly, the R2 values for the three experimental animals were 0.4059, 
0.5521, and 0.4509, respectively (Graphs 3, 5, 7). The data were transformed by 
taking the log of the post mortem interval and squaring the TBS data. Following 
this transformation, the data displayed linear plots. Following this transformation, 
the R2 value of the plot of the log of Post Mortem Interval against TBS squared 
for the control animal was 0.9254 (Graph 2). The R2 values for the experimental 
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group were similarly transformed, resulting in values of 0.8860, 0.9378, and 
0.9372, respectively (Graphs 4, 6, 8). The data from the three experimental 
animals was then averaged in order to be compared with that of the control 
animal. As before, this data was non-linear, plotting with an R2 value of 0.4742 
(Graph 9), and was log transformed in the same fashion as the previous data. 
The log transformation of this data resulted in an R2 value of 0.9382 (Graph 1 0). 
This averaged data set was then plotted against the data set from the control 
group to create a scatter plot depicting PMI versus TBS of both the control and 
experimental average groups for a comparison between the two (Graph 11 ). 
This plot demonstrates that there was a tendency for the exsanguinated samples 
in the experimental group to reach the later stages of the decomposition process, 
before the control group did. These same data sets were also used to create a 
graph depicting the length of time in days it took each group to reach total 
skeletonization, or a TBS of 35 (Graphs 12 and 13). These graphs show the 
control group reaching total skeletonization after approximately 62 days, and the 
average of the experimental group reaching total skeletonization after 
approximately 50.7 days. Following the calculation of total Accumulated Degree 
Days, it was determined that over the course of the 62 days of observation, each 
animal accumulated 2209.15 ADD (Graphs 14-17). In a similar fashion to the 
comparison of data between the TBS and post mortem interval, plots were 
created using the TBS of each animal versus the total ADD. Complimentary to 
the results generated from the post mortem interval data, the results calculated 
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and plot created using the Accumulated Degree Days data were nonlinear, with 
an R2 value of 0.4042 (Graph 14 ). Utilizing the same method used with the post 
mortem interval calculations, the data was made linear through a logarithm 
transformation of the ADD and squaring the TBS. The plot of this transformed 
data was linear, resulting in an R2 value of 0.8414 (Graph 15). Once again, as 
before, the data from the three experimental individuals was averaged for 
comparison against the control individual. The initial plot of the TBS data versus 
ADD for this group was nonlinear (Graph 16), with an R2 value of 0.5788. 
Following the logarithmic transformation, the linear data was plotted generating 
an R2 value of 0.955 (Graph 17). As a result of the quantitative data collected 
during the observation stages and the above mentioned calculations, there 
appears to be a trend towards the exsanguinated specimens proceeding through 
the decomposition process at a faster rate than the unaltered control sample. 
Discussion 
The results of this study suggest that there were differences in the timing 
of decomposition process between experimental and control animals. The 
control animal was transformed to complete skeletalization in a period of 
approximately 62 days. The experimental group animals E1 and E2 proceeded 
from the fresh stage to the skeletal stage in a period of approximately 45 days. 
Finally, the experimental animal labeled E3 underwent this same transformation, 
somewhat slower than E1 and E2, over a period of approximately 62 days. The 
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average decomposition period of the experimental group as a whole was 
approximately 50.7 days. When compared to the control animal that took 62 
days to undergo the same process, it appears that the experimental 
(exsanguinated) animals decompose at a slightly faster rate than the control 
animal. 
The idea being explored in this project was that the exsanguination of a 
subject immediately post-mortem would affect initiation of the decomposition 
process as well as the arrival and succession of insects related to that particular 
set of remains. The results of this study suggest that this hypothesis can be 
rejected. Rather, the data suggest that the exsanguinated remains proceed 
through the decomposition at a faster rate than the unexsanguinated control. 
While the control animal took approximately 62 days to reach an entirely skeletal 
state, two of the three experimental animals were skeletalized by approximately 
45 days, a difference of approximately 17 days. Like the control specimen, the 
remaining experimental animal took nearly 62 days to become entirely skeletal. 
This could be because this animal appeared quite pale, even to a greater degree 
than the other experimental animals, suggesting extensive exsanguination. The 
central hypothesis is rejected when comparing the length of decomposition of 
control group and the experimental group - as the average length of 
decomposition for the entire experimental group was 50.7 days. Even when 
viewing the average, the experimental group still reached the end of the 
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decomposition process approximately 11 days prior to the control animal (62 
days). While temperature was a contributing factor in the decomposition 
process, review of other environmental conditions such as wind speed, UV level, 
and solar radiation showed that they seemed to have little observable effect in 
this study. 
In a study carried out the previous year at the Outdoor Research Facility 
by Kenneth Decota (2011 ), the differential decomposition rate of an 
exsanguinated carcass was noted. The study used six pigs deposited at the 
same location as this study; however, one of the pigs had been unintentionally 
exsanguinated during the captive bolt euthanization process. As the study lasted 
from September 29 through October 27, 2011, a comparable time of the year to 
the majority of this study, the results of the two are comparable. The only caveat 
with Decota's study was the he did not allow his specimens to proceed through 
the entire decomposition process and reach a TBS of 35 before concluding his 
observations. He observed their decomposition process for 28 days, at which 
time none of his animals had reached the skeletal stage of decomposition. The 
average temperature for the time period of Decota's study was approximately 
55°, with a total ADD of 1877.75. Almost immediately after depositing the pigs at 
the Research Facility, Decota noted the presence of wasps on the animals. 
Decota also noted the presence of many other types of insects during the 
decomposition process of his pigs including many species of Coleoptera. 
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Observations of both groups of insects were notably absent in the present study. 
In Decota's study, one of the six pigs had been unintentionally exsanguinated, 
discernible by its extremely white, blanched color compared to the other five pigs 
used in his experiment. According to his results, this specimen initially 
proceeded through the decomposition process more slowly than the other 
sanguine animals. He noted that by day 16 of his study that the exsanguinated 
animal had only achieved a TBS of 16, whereas the other five animals were all 
approximately at a TBS of 20. However, by the final date of Decota's 
observations, day 28, the exsanguinated animal scored a TBS of 26 and the 
others all had a TBS of approximately 27. Thus the total time of decomposition 
appeared unchanged, but the time spent in a given phase of decomposition was 
somewhat different. Decota still posed the question of whether exsanguination 
had some effect on the decomposition process. He also noted the same orange 
discoloration of the skin present on the exsanguinated individuals in this 
experiment visible only on his single pale exsanguinated animal. It seems 
plausible that the cutaneous discoloring which became obvious in the 
exsanguinated individuals is likely hemosiderin staining that gives the 
characteristic orange/yellow discoloration commonly seen in hematomas. Since 
this study was carried out at the same location and comparable time of the year 
as the present study, results from the two can reasonably be compared. By day 
16, the exsanguinated individual in Decota's study had reached a TBS of 16, 
whereas in the present study, the exsanguinated individuals had reached a TBS 
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of approximately 31 by day 16. This difference in scores is likely due to the 
differences in average temperatures through the early stages of the 
decomposition process in both studies. Whereas in Decota's study, 
temperatures ranged from the mid-40's to mid-60's during the first few weeks of 
the study, temperatures in the present study ranged from the upper 60's to the 
upper 80's during the first two weeks (see graph 17). The average TBS on the 
final day of observation for the unexsanguinated animals in Decota's experiment 
(day 28) was 27, while the TBS for the control animal in this present experiment 
on day 28 was approximately 30.5. These scores are comparable, reasonably 
validating the results of the single control animal used in this experiment. The 
TBS score in the present study is slightly higher likely due to the higher 
temperatures experienced during this experiment as compared to Decota's. The 
total ADD for the duration of this study was 2209.15, compared to Decota's 
1877.75. The difference between these two values is due to the fact that 
Decota's observations did not continue through the entire decomposition process 
until all of the specimens scored a TBS of 35. Rather, Decota's observations 
stopped after 28 days when the average TBS for the animals was only 27. The 
ADD by day 28 in the present study was 1 07 4.8, which is relatively close to 
Decota's value but differs due to the fact that ADD will vary depending on the 
average daily temperature over a given period of time. 
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The absence of other species of insects in the decomposition islands of 
this study poses an interesting question. The vast majority of the insects 
observed through the entire decomposition process in this experiment were 
blowflies and fleshflies, with only a very minimal amount of any species of beetle 
present (only four total were observed). There was also a distinct lack of any of 
the other insects associated with the decomposition process, such as ants and 
wasps, around the exsanguinated remains. It seems that perhaps the lack of 
blood in the exsanguinated animals in this experiment resulted in a failure to 
attract insects such as the beetles normally seen during the decomposition 
process. Although in theory they should have been present on the control 
animal. This lack of other carrion-feeding insects could explain in part the reason 
the exsanguinated animals decomposed at a faster rate than the control animal. 
The lack of predatory insects such as the ants and wasps could have allowed the 
fly larval population to remain high enough that they consumed the remains of 
the exsanguinated animals faster than that of the control animal. These findings 
pose further interesting questions for future study. Are decompositional insects 
attracted to the blood in the tissue or on the ground, and if so, what properties of 
the blood serve as the attractants? Does fresh blood attract sentinel species 
whose presence at a site secondarily attracts other insect species? 
There is a caveat to the results generated through this study and the 
calculations conducted here. This is the issue of the small sample size in the 
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experiment. With an experimental group of three individuals and a single control 
individual, any statistical methods for the comparison of the two groups would not 
be statistically significant due to the extremely small size of the control sample. 
As such, only basic statistical methods were utilized in the creation of the tables 
and graphs. With the total sample size of four individuals, it was determined to 
be a better course of action to have a larger experimental group due to the 
possible range of outcomes than to split the four individuals evenly between the 
two groups. The major potential implication of the small control sample is that 
the rate at which this individual decomposed could have been an outlier on the 
range of rates a larger control sample could have demonstrated. In other words, 
this individual used as the control group could have taken a significantly longer or 
shorter period of time to decompose than an entire group of unaltered control 
individuals may have. However, this may not be the case as the individual in the 
experimental group that may have retained more blood than the rest of the 
exsanguinated individuals took a notably longer time to skeletonize. Additionally, 
when comparing the control animal to those in the study by Decota (2011) at the 
same location, the animal appears to have proceeded through the decomposition 
process at a normal rate for the area. When referencing the experimental group 
as well, a larger sample size would have been preferential. In a similar fashion to 
the control group, it is unknown whether the single individual who decomposed at 
a slower rate than the other two in the experimental group is an outlier or not. 
With the small sample size, it is nearly impossible to determine whether the 
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normal rate of decomposition of exsanguinated individuals is much faster than 
the control, as exhibited by two of the experimental animals, or approximately the 
same rate, as demonstrated by the remaining experimental individual. Because 
the majority of the experimental group reached skeletonization at a notably faster 
rate than the control sample, it is assumed for the purposes of this study that this 
is the normal rate of decomposition for exsanguinated individuals and that the 
slower individual was an outlier. 
Rates of Decomposition 
The observations made in this study are in agreement with prior studies of 
decomposition that utilized TBS and ADD to assess the correlation between 
decomposition state (Total Body Score) and accumulated degree days (Megyesi 
et al 2005) (Ad lam & Simmons 2007) (Simmons, Ad lam, & Moffatt 201 0) (Cross 
& Simmons 201 0) (Simmons at al 201 0) (Michaud & Moreau 2011 ). Other 
studies have examined a wide range of factors that might influence the rate of 
the decomposition process including carcass size (Simmons, Adlam, & Moffatt 
201 0), penetrative trauma (Cross & Simmons 201 0), blunt force trauma (Ad lam & 
Simmons 2007), burial (Vanlaerhoven & Anderson 1999) (Bachmann & 
Simmons 2010) (Weitzel 2005), submersion in water (Haskell et al1989), indoor 
vs. outdoor environments (Goff 1991 ), direct sun vs. constant shade (Shean et al 
1993), as well as a wide variety of worldwide climates and environments 
(Anderson & Vanlaerhoven 1996) (Bharti & Singh 2003), (Bucheli et al 2009) 
66 
(Galloway et al 1989) (Grassberger 2004) (Parks 2011) (Davis & Goff 2005) 
(Valdes-Perezgasga et al 201 0). However, this study is the first to examine the 
contributions and effects of exsanguination to the rate of the decomposition 
process in the given microclimate and location. 
Future Direction 
A validation study of this experiment is needed to determine the final 
accuracy of the results generated herein. This study should possess a larger 
sample population, within both the control and experimental groups. Ideally, a 
total sample of approximately 20 to 40 individuals should be used. As such, 
each group would receive 1 0 to 20 individuals. This larger sample size would 
cause outliers to be more evident and provide a more accurate estimate of the 
differing rate of decomposition, if any, between the two groups. Additionally, 
further research into the questions posed by the results of this study should also 
be given some consideration. The question as to the role of insects' possible 
attraction to blood in tissue and what properties of the blood serve as the 
attractants are important to further understanding of factors affecting the 
decomposition process. Also, as observed during this study, do the various 
species of beetles and other insects commonly found later in the decomposition 
process tend not to appear when there is a lack of blood in the remains, and if 
so, does this relate to the question of the properties of attraction of blood to 
insects? 
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Conclusions 
In conclusion , the results of this study suggest that exsanguination leads 
to an acceleration of decomposition. The lack of blood appeared to have no 
effect upon the initial arrival of insects on the when compared to those present on 
the unaltered control. However, with the exsanguinated animals, there was an 
absence of beetles and other insects commonly associated with the later 
decomposition process such as ants and wasps. This lack of predatory insects 
could have allowed the larval populations on the exsanguinated individuals to 
remain large enough to consume the remains faster than those on the control. 
The results generated in this study depict a trend towards exsanguinated 
individuals proceeding through the decomposition process at a faster rate 
opposed to remains that still retain a significant amount of blood. These results 
are relevant to the subject of the determination of a post mortem interval for a 
given set of remains . The results indicate that if an individual has sustained 
severe perimortem or postmortem trauma causing massive blood loss, it is 
possible that that set of remains may decomposed at an accelerated rate 
compared to sanguine samples. As previously noted, further research is 
required to validate the results of this study as well as its applicability to the 
process of calculation of a post mortem interval. 
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Photographs 
Control Pig- C1 
Photo 1 -Control pig day 1 - 8/3/11 (overall) 
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Photo 2- Control pig day 2- 8/4/11 (overall) 
Photo 3 - Control pig day 2 - 8/4/11 (left ear close-up) 
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Photo 4- Control pig day 3- 8/5/11 (overall) 
Photo 5- Control pig day 3- 8/5/11 (close-up prolapsed rectum) 
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Photo 6- Control pig day 4- 8/6/11 (overall) 
Photo 7- Control pig day 4- 8/6/11 (close-up exposed bone of mandible, arrow) 
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Photo 8- Control pig day 4- 8/6/11 (close-up prolapsed intestine, arrow) 
Photo 9- Control pig day 5- 8/7/11 (overall) 
73 
Photo 10- Control pig day 6- 8/8/11 (overall) 
Photo 11 -Control pig day 7- 8/9/11 (overall) 
74 
Photo 12- Control pig day 8-8/10/11 (overall) 
Photo 13- Control pig day 9 - 8/11/11 (overall) 
75 
Photo 14 - Control pig day 1 0 - 8/12/11 (overall) 
Photo 15 - Control pig day 11 - 8/13/11 (overall) 
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Photo 16- Control pig day 14- 8/16/11 (overall) 
Photo 17 - Control pig day 15 - 8/17/11 (overall) 
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Photo 18 - Control pig day 20 - 8/22/11 (overall) 
Photo 19- Control pig day 23-8/25/11 (overall) 
78 
Photo 20- Control pig day 33- 9/4/11 (overall) 
Photo 21- Control pig day 45- 9/16/11 (overall) 
79 
Photo 22- Control pig day 62- 10/3/11 (overall, note bone discoloration, arrows) 
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Experimental Pig 1 (E1) 
Photo 23- E1 pig day 1 - 8/3/11 (overall) 
81 
Photo 24- E1 pig day 2- 8/4/11 (overall, note skin discoloration, arrows) 
Photo 25- E1 pig day 3- 8/5/11 (overall) 
82 
Photo 26- E1 pig day 4- 8/6/11 (overall , note mandible & maxilla, arrow) 
Photo 27- E1 pig day 4- 8/6/11 (close-up prolapsed rectum) 
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Photo 28- E1 pig day 5- 8/7/11 (overall) 
Photo 29- E1 pig day 6- 8/8/11 (overall) 
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Photo 30- E1 pig day 7- 8/9/11 (overall) 
Photo 31 - E1 pig day 8- 8/10/11 (overall) 
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Photo 32- E1 pig day 9- 8/11/11 (overall) 
Photo 33 - E 1 pig day 1 0 - 8/12/11 (overall) 
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Photo 34- E1 pig day 11 - 8/13/11 (overall) 
Photo 35- E1 pig day 14-8/16/11 (overall) 
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Photo 36- E1 pig day 15-8/17/11 (overall) 
Photo 37- E1 pig day 20- 8/22/11 (overall) 
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Photo 38- E1 pig day 23- 8/25/11 (overall) 
Photo 39- E1 pig day 33- 9/4/11 (overall) 
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Photo 40- E1 pig day 45- 9/16/11 (overall) 
Photo 41- E1 pig day 62- 10/3/11 (overall, note discoloration of bones, arrow) 
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Experimental Pig 2 (E2) 
Photo 42 - E2 pig day 1 - 8/3/11 
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Photo 43- E2 pig day 2- 8/4/11 (overall, note skin discoloration, arrow) 
Photo 44- E2 pig day 3- 8/5/11 (overall) 
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Photo 45- E2 pig day 4- 8/6/11 (overall, note decomposition of head, arrow) 
Photo 46- E2 pig day 5- 8/7/11 (overall, note complete exposure of skull, arrow) 
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Photo 47- E2 pig day 6- 8/8/11 (overall) 
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Photo 48- E2 pig day 6- 8/8/11 (mid-range, note larval migration (short arrow] 
and prolapsed rectum (long arrow]) 
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Photo 49- E2 pig day 7- 8/9/11 (overall) 
Photo 50- E2 pig day 8- 8/10/11 (overall) 
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Photo 51 - E2 pig day 9- 8/11/11 (overall) 
Photo 52- E2 pig day 9- 8/11/11 (close-up, pool of decompositional fluid) 
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Photo 53- E2 pig day 10- 8/12/11 (overall) 
Photo 54- E2 pig day 11 - 8/13/11 (overall) 
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Photo 55- E2 pig day 11 - 8/13/11 (overall, note two displaced bones at left) 
Photo 56- E2 pig day 14-8/16/11 (overall) 
99 
Photo 57- E2 pig day 15- 8/17/11 (overall) 
Photo 58- E2 pig day 20- 8/22/11 (overall) 
100 
Photo 59 - E2 pig day 23 - 8/25/11 (overall) 
Photo 60- E2 pig day 33- 9/4/11 (overall, note storm damage [arrow]) 
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Photo 61 - E2 pig day 33- 9/4/11 (overall , following windfall) 
Photo 62- E2 pig day 45 - 9/16/11 (overall) 
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Photo 63- E2 pig day 62 - 10/3/11 (overall , note lack of bone discoloration 
present on other pigs) 
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Experimental Pig 3 (E3) 
Photo 64- E3 pig day 1 - 8/3/11 (overall) 
104 
Photo 65- E3 pig day 2- 8/4/11 (overall) 
Photo 66- E3 pig day 3- 8/5/11 (overall, note break in skin of abdomen [arrow]) 
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Photo 67- E3 pig day 4- 8/6/11 (overall, note decomposition of head [arrow]) 
Photo 68- E3 pig day 4- 8/6/11 (close-up, note mandible & maxilla [arrow]) 
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Photo 69- E3 pig day 5- 8/7/11 (overall) 
Photo 70- E3 pig day 6- 8/8/11 (overall) 
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Photo 71 - E3 pig day 6- 8/8/11 (overall, note larval migration [arrows]) 
Photo 72- E3 pig day 7- 8/9/11 (overall) 
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Photo 73- E3 pig day 8- 8/10/11 (overall) 
Photo 74- E3 pig day 9- 8/11/11 (overall) 
109 
Photo 75- E3 pig day 10-8/12/11 (overall) 
Photo 76- E3 pig day 11 - 8/13/11 (overall) 
110 
Photo 77- E3 pig day 14- 8/16/11 (overall) 
Photo 78- E3 pig day 15- 8/17/11 (overall) 
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Photo 79- E3 pig day 20- 8/22/11 (overall) 
Photo 80- E3 pig day 23- 8/25/11 (overall) 
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Photo 81 - E3 pig day 33- 9/4/11 (overall) 
Photo 82- E3 pig day 45 - 9/16/11 (overall, note growth of mold [arrow]) 
113 
Photo 83- E3 pig day 62 - 10/3/11 (overall, note discoloration of bone [arrow]) 
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Tables 
3-Aug 4-Aug 5-Aug 6-Aug 7-Aug 8-Aug 9-Aug 10-Aug 11-Aug 
Control 3 5 12 17 18 23.5 25 25 26 
Ex~.1 3 6 11 16.5 18.5 24 26 29 30.5 
Ex~.2 3 6 6 10 16.5 22.5 22.5 24.5 25.5 
Ex~.3 3 6 12 17 19 22 26 27 27 
12-Aug 13-Aug 16-Aug 17-Aug 22-Aug 25-Aug 4-Se~ 16-Se~ 3-0ct 
Control 26.5 28.5 28.5 30.5 30 .5 30.5 30.5 31 35 
Ex~.1 30.5 31 31 31 31 .5 31 .5 33 35 35 
Ex~.2 26 26 26 27 28 29 33 35 35 
Ex~.3 28 29 30 30 32 32 33 33 35 
Table 1 - TBS by date for all animals. 
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Date ADD 3-Sep 36.95 
3-Aug 37 4-Sep 41.95 
4-Aug 38.2 5-Sep . 42.75 
5-Aug 39.75 6-Sep 28.8 
6-Aug 45 7-Sep 28.2 
7-Aug 41.45 8-Sep 28.75 
8-Aug 45.15 9-Sep 35.65 
9-Aug 40.3 10-Sep 31.8 
10-Aug 39.75 11-Sep 28.65 
11-Aug 37.4 12-Sep 35.65 
12-Aug 35.2 13-Sep 38.1 
13-Aug 36.95 14-Sep 42.55 
14-Aug 36.65 15-Sep 34.45 
15-Aug 32.75 16-Sep 21.15 
16-Aug 32.7 17-Sep 19.65 
17-Aug 37.05 18-Sep 23.95 
18-Aug 40.85 19-Sep 23.6 
19-Aug 43.2 20-Sep 23.9 
20-Aug 43.3 21-Sep 32.7 
21-Aug 42.05 22-Sep 37.05 
22-Aug 35.6 23-Sep 38.35 
23-Aug 32.35 24-Sep 41.55 
24-Aug 35.15 25-Sep 42.1 
25-Aug 42.4 26-Sep 40.05 
26-Aug 42.05 27-Sep 38.9 
27-Aug 38.9 28-Sep 37.35 
28-Aug 36.45 29-Sep 35.1 
29-Aug 34.05 30-Sep 33.25 
30-Aug 33.15 1-0ct 30.4 
31-Aug 36.3 2-0ct 27.5 
1-Sep 36.5 3-0ct 27.55 
2-Sep 33.2 TOTAL ADD 2209.2 
Table 2- ADD by date. 
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Contrail 
Date Head[Neck Trunk Limbs Total 
3-Aug 1 1 1 3 
4-Aug 2 2 1 5 
5-Aug 6 4 2 12 
6-Aug 8 5 4 17 
7-Aug 8 6 4 18 
8-Aug 10 7 8F/5B = 6.5 23.5 
9-Aug 11 7 8F/6B = 7 25 
10-Aug 11 7 8F/6B = 7 25 
11-Aug 11 8 8F/6B = 7 26 
12-Aug 11 8 8F/7B = 7.5 26.5 
13-Aug 11 9 9F/8B = 8.5 28.5 
16-Aug 11 9 9F/8B = 8.5 28.5 
17-Aug 12 10 9F/8B = 8.5 30.5 
22-Aug 12 10 9F/8B = 8.5 30.5 
25-Aug 12 10 9F/8B = 8.5 30.5 
4-Sep 12 10 9F/8B = 8.5 30.5 
16-Sep 12 10 10F/8B = 9 31 
3-0ct 13 12 10 35 
* F =front 
* B =back 
Table 2- TBS Overview (Control) 
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Exj;!erimental 1 
Date Head[Neck Trunk Limbs Total 
3-Aug 1 1 1 3 
4-Aug 2 2 2 6 
5-Aug 5 4 2 11 
6-Aug 8 5 5F/2B = 3.5 16.5 
7-Aug 8 6 6F/3B =4.5 18.5 
8-Aug 10 7 8F/6B = 7 24 
9-Aug 12 7 8F/6B = 7 26 
10-Aug 12 9 9F/7B = 8 29 
11-Aug 12 10 9F/8B = 8.5 30.5 
12-Aug 12 10 9F/8B = 8.5 30.5 
13-Aug 12 10 10F/8B = 9 31 
16-Aug 12 10 10F/8B = 9 31 
17-Aug 12 10 10F/8B = 9 31 
22-Aug 13 10 10F/9B = 9.5 31.5 
25-Aug 13 10 10F/9B = 9.5 31.5 
4-Sep 13 10 10 33 
16-Sep 13 12 10 35 
3-0ct 13 12 10 35 
*F =front 
*B =back 
Table 3- TBS Overview (Experimental1) 
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Exgerimental 2 
Date HeadLNeck Trunk Limbs Total 
3-Aug 1 1 1 3 
4-Aug 2 2 2 6 
5-Aug 2 2 2 6 
6-Aug 6 2 2 10 
7-Aug 11 3 3F/2B = 2.5 16.5 
8-Aug 11 6 6F/5B = 5.5 22.5 
9-Aug 11 6 6F/5B = 5.5 22.5 
10-Aug 11 6.5 8F/6B = 7 24.5 
11-Aug 12 6.5 8F/6B = 7 25.5 
12-Aug 12 7 8F/6B =7 26 
13-Aug 12 7 8F/6B =7 26 
16-Aug 12 7 8F/6B = 7 26 
17-Aug 13 7 8F/6B = 7 27 
22-Aug 13 7 9F/7B =8 28 
25-Aug 13 8 9F/7B =8 29 
4-Sep 13 11 9 33 
16-Sep 13 12 10 35 
3-0ct 13 12 10 35 
*F =front 
* B =back 
Table 4- TBS Overview (Experimental 2) 
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Exgerimental 3 
Date HeadlNeck Trunk Limbs Total 
3-Aug 1 1 1 3 
4-Aug 2 2 2 6 
5-Aug 5 4 3 12 
6-Aug 8 5 4 17 
7-Aug 8 6 5 19 
8-Aug 9 7 6 22 
9-Aug 11 7 8 26 
10-Aug 12 7 8 27 
11-Aug 12 7 8 27 
12-Aug 12 8 8 28 
13-Aug 12 8 9 29 
16-Aug 12 9 9 30 
17-Aug 12 9 9 30 
22-Aug 13 10 9 32 
25-Aug 13 10 9 32 
4-Sep 13 10 10 33 
16-Sep 13 10 10 33 
3-0ct 13 12 10 35 
*F =front 
*B =back 
Table 5- TBS Overview (Experimental 3) 
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